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CONNECTED SANITARYWARE SYSTEMS AND METHODS
CROSS-REFERENCE TO RELATED APPLICATIONS
[3001] This application claims priority to LS. Provisional Application No.

62/714,299, filed August 3, 2018, hereby incorporated by reference in its entirety.
TECHNICAL FIELD OF THE INVENTION

[B002] The present invention relates generally to connectled sanitasyware svstems and
methods and, more pasticularly, to sanitaryware communication with internet connected

devices to control performance and operation of the sanitaryware.
BACKGROUND OQF THE INVENTION

fea03] Water conservation is a concern for numerous economic and covironmental
reasons. Currently, to conserve water during flushing, many toilets use “dual flush”
technology, The "daal tush™ technology provides users with a “low volume flash™ option
{usually about 2 to 4.5 liters) and a “high volume™ flush option (usually about 4 to sbout 9
liters). The option selected depends on the contents of the toilet bow! after use, with the flush
disposal of liguid waste requiring only use of the “low volume” option while the “high
volume” option could be used for solid wasie disposal. However, a “dual flush™ toilet Himits
the selection of volumes to two discrete amounts, “low” and “high™ flush volumes. Further,
the “duoal flush” totlet leaves the selection of the volume to the discretion of the user, who
may choose a “high” flush volume when a “low” flush volume otherwise would suffice.
Fuorthermore, when a totlet malfunctions, such as when there is a clog, constant fhush
condition, and’or failure of a toilet component, water may continually ni isto the bowl or
may not exit the bowl. This may all lead to wasting of wailer, resowrees, money, and/or
damage to the {oilel, bathroom andsor building. Therefore, a need exists for sanitaryware

which may determine the contents of the toilet and flush the appropriate water level. A need
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further exists for sanitaryware which may commumicate with other devices to operate in a
manner that controls the water flow throagh the toilet. Yet a firther need exists for connected

sanitaryware systens and methods.
BRIEF SUMMARY OF THE INVENTION

[6004] In an embodiment of the disclosure, a sanilaryware control system for
controlling a sanitaryware fixfure systenm may inchude a plurality of sanitaryware fixtures; one
ar niore sensors coupled to sach of the sanitaryware fixtures, the one or more sensors
configared o detect one or morg parameters associated with operation of sanitaryware fixture
systen and a controller electrically coupled to each of the sanstaryware fixtures and
configured o determine a condition of the sanitaryware fixture systeni based on the detected
one or more parameters. Each of the sanitaryware fixtures are configured fo be operated

based on the condition, extemal behavior data, or a combination thereot.

(6003 In an embodiment of the disclosure, the external behavior data 1s from a
simifar system or a dissinular systenu

{LEHEY| In an embodinment of the disclosure, the similar system is one or more of the
other sanitaryware fixtures.

[067] In an embodiment of the disclosure, the dissimilar system is weather services,
date and tme management services, or inhine flow melters.

[B3008) in an embodbnent of the disclosure, the plurality of sanitaryware fixtures
comprise totlets, urinalg, bidets, or combinations thereof.

[8009] In an embodiment of the disclosure, the controller is configured to initiate an
action to eperate one ot more of the plugality of sanitaryware fixtures based oo the condition

and external behavior data,

[e
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6016 o an embodiment of the disclosure, the condition corresponds 1o a load status

and the action is one of a high flush volume or a low Sush volume.

[66E1] In an embodiment of the disclosure, the condition 1s a clog event and the

aclion is one of itiating a service Ucket, closing a flash vabve, or closing an angle stop.

[6012] In an embodiment of the disclosure, the condition 18 a leak detection and the

getion is one of initiating a service ticket, closing a flush valve, or closing an angle stop.

[6013] In an ermebodiment of the disclosure, the condition is an angle stop status and

the action is seif-diagnosing a clog or initiating a service ticket,

jB014] in an embodiment of the disclosure, the condition is a batfery status and the
action is bytiating a service ticket.

[BOES) in an embodbnent of the disclosure, the condition is a water pressure and the
action 1s initiating a service ticket, supporting a claims investigation, facilitating trouble

shooting, or adjusting a duration a valve remains open.

[o016] in an embodiment of the disclosure, the condition is fixture usage and the
action is monitoring a usage of a bathroom or initiating a service ticket based on unusual
aclivity,

[60%7] In an embodiment of the disclosure, the condition is a water fevel and the
action is initiating a service ticket or adjusting a position of a valve.

[6018] In an embodinment of the disclosure, the condition is a line clog and the action
is initiating a service ticket or adjusting a position of a valve.

[019] In an embodiment of the disclosure, the condition 18 an uncharacteristically
high or low fevel of usage of one or more the sanitaryware fixiures as compared to historical

data and the action is indtiating a service ticket.

[
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[6026] o an embodiment of the disclosure, the controller s configured to send the
detecied one or more parameters and determined condition information to an external device

o stove and log.

[6021] In an embodiment of the disclosure, each of the sanifaryware fixtures ave
configured o be operated based on a historical data of the stored one or more parameters,

condition, and a previous action stored over a pertod of time.

[022] In an embodiment of the disclosure, the controller is & plurality of controllery,
sach of the phurality of controllsrs coupled to a respective one of the pherality of sanitaryware

fixtures.

023 In an embodiment of the disclosure, the controller is electrically coupled to a

subset of the plurality of sanitaryware fixtures.

fe024] fn an embodiment of the disclosure, the one or more sensors includes an
ultrasonic sensor located on an exterior of a bowl of one of the plarality of sanitaryware
fixtores and an infrared sensor located on a fhush valve assembly of the one of the plurahity of
sanitaryware fixtures, and wherein the one or more parameters inchades an indication of bowl
contents sensed froum the ultrasonic sensor and an indication of usage time of the one of the

plurality of sanitaryware fixiures sensed from the infrared sensor.

[B023) Additional features and advantages of the disclosure will be set forth in the
description which follows, and in part will be obvious from the description, or can be learned
by practice of the herein disclosed principles. The features and advantages of the disclosure
can be realized and obtained by means of the instrurnents and combinations particularly
pointed out i the appended claims. These and other features of the disclosars will become
more fully apparent from the following description and appended clatms, or can be leamed

hy the practice of the principles set forth herein.
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BRIEF DESCRIPTION OF DRAWINGS

[6026] The accompanying drawings, which are inchaded to provide a further
wnderstanding of the invention and are incorporated in and constiinge a part of this
specification, illustrate preferred embodiments of the invention and together with the detailed

description serve to explain the principles of the invention. In the drawings:

(6027 FIG. 1A shows an exemplary flow dingram of conynunication in a connected
system,

[028] FIG. 1B shows an excmplary flow diagram of conununication in a connecied
systent.

[6029] FIG. 1C shows an exemplary flow diagram of communication in a connected
system.

[036] FIG. 1D shows an exemplary flow diagram of comumunication in a connected
system.

[8031] FIG. 1E shows an exemplary flow diagram of conununicalion in a connected
sysiem,

[6032] FIG. 2 shows an exemplary connected system.

[6033] FIGS. 3A and 3B show exemplary arrangements of exemplary sanitaryware

for use with a conpected system,

[6034] FIG. 4A-4D show an exemplary user dashboard.

[8035] FIGS. 5A-5] show a user side of an exemplary user dashboard.
[6036] FIGS. 6A-6B show a aser side of an exemplary user dashboard.
60371 FIGS. 7A-7F show s user side of an exemplary user dashboard.
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[BO38] FIG. B shows an exemplary gateway customer assignment.
6039 FIG. 9 shows an exemplary connection of a flush valve assembly to &

computing device having a gateway.

[0644] FIG. 10 shovws an exemplary connection of a flush valve assembly to a

computing device having no gateway.
[0641] FIG. 11 shows an exemplary computing deviece.
DETAILED DESCRIPTION OF THE INVENTION

[0642] The present disclosure relates to systems and methods for the monitoring and
control of a set or collection of devices in one or more bathrooms within a building or
huildings, warehouse, campus, etc, For example, the sysiem and nrethods of the present
disclosure may monitor and control toilets, arinals, favcets, and/or paper dispensers {e.2.,
paper towel or toilet paper) within one or more restrooms in a building, buildings, warchouse,
camypius, ete. The control and monttoring may be facilitated by electrically coupling {either
wirgless, wired, or a combination thereof} the various devices to each other andfor to
computing device. Thas, & aser may monifor the statas of each device remotely from the
compiting device. When a problem or other activity occurs in one of the monitored devices,
the user piay initiate 3 response or action via the computing device. For example, if a clog is
detected in a toilet, the user may disable the use of that toilet and/or other totlets in fhuid
communication with the clogged toilet. The devices may Initiate the action avtomatically
based on g programmed mstructions, data stored in a central cloud, and/or data stoved on the
cumputing device, In this manner, the user may have remote control of a collection of
bathrooms within a single location {e.g., the computing device}. This may factlitate the
maintenance, control, and monitoring of the bathrooms andfor may assist in water

conservation and'or a reduction in water usage by the collection of batliroonis.

6
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[6043] The present invention relates fo convected sanitaryware systems and methods.
The system may inchude connected, tercommected or networked sanmitaryware fixtures. The
present invention also relates to a saniaryware system that may include one or more
samtaryware fixtures, such as a totlet, wrinal, or bidet. Each of the ove or more sanitaryware
fixtures may include one ar niore sensors o determine a status or condition of the
sanitaryware svstem or an individual sanitaryware fixture in the systom, and perform a
parttcular function or action. The sanitaryware system may automatically perform the
function (e.g. performing a flush, closing the flush valve and/or angle stop, sending an alert,
initiating a service ticket, ete.). The sanitaryware system may communicate the statas or
condition {0 an internet connected device, the device may then perform the function or may
instruet the sanitaryware to perform the function. For example, the device may instruct a
flush, a valve closing, or initiation of a service ticket. The device may log and monitor the

status or condition of the sanitaryware to improve the overall efficiency and operation of the

sanitaryware and a collection of the sanitaryware,

f044] The systems and methods in accordance with the principles of the invesntion
include conununication and the ability to communicate. The present disclosure niay clude a
sanitaryware capable of communicating with one or more devices, The one or more devices
may be internet connected devices. In one aspect, the various devices contemplated sve
connected to each other in order to transfer data, information, instructions, nputs, and
outputs. Network connections can include bridges, routers, swiiches and gateways. The one
ar more devices may be capable of one-way, two-way and/or multi-way communication with
the sanilaryware, as will be described in more detail to follow. For example, the one or more
devices may be other sanifaryware devices, mobile devices, computers, sther plumbing
fixtures, etc. The sanitarvware may be a urinal, bidet, and/or toilet. The sanitarvware may

include one or more sensers, The one or more sensors may detect & condition of the
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sanitaryware, Various sensors to detect a sanitarvware condition are described in ULS. Patent
Application No., 15/643,086 titled Systems to Automate Adjustment of Water Volume
Release to a Toilet Bowl to Correspond to Bowl Contents, Toilets Incloding the System and
Related Methads to Grover et al. ("Grover et al.™), which s incorporated by reference in 4s
entirety. For example, the one or more sensors may be ultrasonic sensors for determining a
load or condition of the sanitaryware bowl. The one or more sensors may be ultrasonic
sensors coupled to an outer surface of the bowl for determining a status or condition of the
sanitaryware bowl. The one or more seasors may be flow sensors or flow rate sensors
detecting a flow of fluid through an angle stop, through a flush valve, or through the
sanitaryware, ete. The one or more sensors may be pressare sensors for detecling waler
pressure at one or more locations within the sanitaryware, valves, and plumbing lines. The
aIe Of MOLE Sensors May be a user detection sensor {e.g. a proximity sensor} for detecting the
presence and/or absence of a user, The one or more sensors may be a capacitive seasor, The
one or more sensors may be any contbination of the described sensors or other known

sensors. Various sensors are conternplated in accordance with the principles of the tnvention.

[6045] The one or more sensors may sead and/or receive signals from the ooe or more
devices. The one or moze devices may be exiernal devices (e.g. a cenfralized data server, a

computer, tablet, mobile device, other plumbing fixtures, etc.) or internal, saniaryware
devices {e.g tlush valve, angle stop, other valves, ete.). The one or more devices may be
external to the particular sanitaryware i which the seasor is located or internal to the
sanitaryware. The ong of more sensors may communicate directly with the one of more
devices. That is, the one or more sensors may send a signal corresponding {0 8 sensed one or
more parameters of the sanitaryware to the one or more devices. The one or more devices
may evaluate the data and determine a status or condition of the sanstarvware. The one or

more devices may send a signal indicative of the status or condition of the santlaryware to a
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user for evaluation or action. The action may include repair, replacement, or cleaning, for

example, of the sanitaryware.

[0646] The one or more sensors may comammicate with the control system andior
communication systemn (FIG. 1C). The system may include one or more controllers and/or
ane or more conynunication devices. The systern may conmunicate divectly with the one or
more devices, as will be described in more detail to follow. The one or more sensors may
send a signal corresponding fo a sensed one or more paramelers of the sanitaryware to the
systerm. The system may determine a status or condition of the sanitaryware based on the
sensed data and algorithms present in the system. The system niay instruct one or more of the
one or more devices to perform a function, such as, for example, initiating a particolar flush
volume {¢.g where the one or more devices is a flush valve), shatting of flow of water (o the
sanitaryware {e.g where the one or more devices is an angle stop), initiafing a service ticket
{e.g. where the one or more devices is @ central computer system or mobile device or janitor’s
mobile device, ete.). One or more of the one or more devices may log the status and function
performed. The data collected by the one or more devices may be used to improve the

efficiency of a building system or network of sanitaryware.

fea47] For example, the control system may determune, based on the collected data,
that use of a certain Hush volume in the atternoon leads to a higher number of clogged
sanitaryware, and based on that determination the contvol system increases the flush volume
for one or more sanitaryware devices, In an example, the sanitaryware devices with increased
fhush volume niay be only those devices which previonsly experienced clogs. In an example,
the control system may increase flush volume for all of the sanitaryware devices or a sabset
of the sanitaryware devices. The subset may be santtaryware devices in the same rooni,
building, or vicinity of the previously clogged devices. In an example, the efficiency of the

building system may be improved based on analysis of the collected data by modifying water
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usage for one or more related sanitaryware devices which are Jocated remotely from a

sanitaryware device at which the data was collected.

[0048] Data received from a device may be analyzed {e g, regression analvsis, Monte
Carlo stmulation, averages, ete.), and based on the analysis water usage at 2 particular device
may be modified. Data from more than one device may be aggregated and combined together
for analysis, and as additional data i3 generated by the devices, that data may be added to the
previoosly collected data and analyvzed. In an example, if a data storage hniid is present, the
systermn may replace the oldest data saved with new, updated, or more recent data. The data
may be collected in any number of ways. Collection and/or analysis of the data may oceur o
a predetermined basis, In an example, the analysis of the data may occur on a periedic basis
{e.g., every houar, every day, every week, ele.} or may occur as the data is received and

combined with previous data.

[6049] The sanitaryware of the disclosure may be coupled to one or more inferoet
connected devices {e.g. internet of things or 10T devices}, The devices may include a
compulter, a tablet, phone, mobile device, components of the sanitaryware {e.g. valves,
sensors, ete.), apphances andfor fixtures within a building {e.g. a sink, shower, bathtub,
faucet, toilet paper dispenser, paper towel dispenser, soap dispenser, other sanitaryware,
toilet, urinal, bidet, refrigerator, freezer, dishwasher, drinking fountains, water features, ete. )
The sanitaryware and/or the 10T devices may have two-way communication suach that the
sanitaryware andfor [OT devices nway each send and receive signals, instructions, data, ete.
The signals may be associated with the function of the sanitaryware andfor IOT device. The
fwo-way communication may be wired, wireless, PAN, Bluetooth® {e.g. short-range wircless
communication), other low power wireless, short range communication, or combinations
thereof. For example, the sanitaryware may commusicate a status of the sanitaryware (e.g.
clogged, cleaning cvele, tlushing, volume, etc.) to the IOT device. The status of the

i0
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sanitaryware nay be determined in accordance with the description. The 10T device may
evahiate the status of the sanitaryware, compare it to a database of predetermined
instructions, and send a corresponding instruction back to the saniaryware or to a device
coupled to the sanitaryware. Alternatively or additionally, the 10T device may evaluate the
status of the sanitaryware and communicate predetermined instructions fo a third HOT device.
For example, the 10T device may communicate the status to a shut-off valve or angle stop
valve of the sanitaryware to open or close, thus opening or closing the water flow 1o the
santtaryware. The sanitaryware may be able fo comnunicate with external internet connected

devices to detect a variety of reasons.

[0656] As described herein, the componeats of the connectad system may be in
electrical communication (e.g., connectivily) with each other. That is, the components or
devices of the connected system may be in electrical comnunication with other components
or devices, such as sensors, controllers, computing devices, tifernet devices, a central server,
sanitaryware devices (or the other devices described hereim) ete. The electrical
communication may allow for the transmission to andfor from cach component. The
electrical conumunication may be transmission of data, information, mstructions, status, eic.,
or combinations thereof. The electrical communication may be one-way, two-way, and/or
mulii-way commanication. Such communication can occur via half-duplex or foll-duplex.
The electrical communication may be between parts, power sources, flush valves, toilets, 10T
devices. The electrical communication may be wired and/or wireless. The clectrical
somamunication may be through gateways, The electrical communication mayv be the
transmission of electrical signals that include data, information, instructions, ele., or

conbinations thercof

[BOS1] Referring to FIG. 1A, an exemplary data flow of a connected system, such as a
connected sanitaryware system 28 froom one or more sanitarvware 10 o one or more users 18

i



WO 2020/028798 PCT/US2019/044894

is shown, One or more of the sanitaryware 10 may include sensors, comniunication devices,
and/or controllers. The sensors may be, as previcusly described, for sensing one or more
parameters of the sanitaryware. The sensed dats may be communicated through a gateway
12, to the cloud or server 14, 3 user’s device 16, and then to the user I8, The user {8 may bea
business user, such as a user associated with the location of the instalied sanitaryware system
20 andfor ap analyst associate either with the business or with the manufacturerfseller of the
sanitaryware 10, Alternatively, the sensed data may be communicated directly to the server
{4, The server 14 may allow for the system to log, save, and manage a multiple or resources,
as is described in more detadl, Information internal {0 the building, internal to the
sanitaryware, external {o the boilding, operational data, weather data, datly prices of water ov
other resources, etc. may be stored within the server 14 for use by all {evels of the

sanitaryware system 20, as is described herein.

j8052] The present disclosure describes 3 smart connected sanifaryware system 26
that may controf the operation of valves or other components of the toilet {or other
sanitaryware). The control of the valves may be based on information stored in or
compmnicated through the server 14, such as, for example plurobing system bebavior {e.g
line clogs), static (product profiles) and dynamic dafa {sensors) inputs from the system,
environmenial behaviors/changes (e g winter, sumumer, droaght, perfodic flush to prevent
freering of plumbing system), andf/or daily, weekly, monthly and/or vearly usage patterns,

gte. A few exemplary embodiments are deseribed herein.

[B033] Referring to FIG. 1B, an example of the elecirical compunication betweert
parts of the connected system 20 or connected system 100 (FIG. 23 is shown. The device 50
(e.g., the sanitaryware deviee or other device) may conununicale with a gateway 60 which
may conununicate with a cloud/server 7. The server 70 may communicate with the
computing device 80, The path may be two-directiomal, That ix, the device 50 may fransmil a

12



WO 2020/028798 PCT/US2019/044894

parameter to the computing deviee 80 by way of the server 70. The computing device 80 may
determine an appropriate action {e.g.. based on the parameter and any external information
stored i the computing device 80 andfor the server 70} and transmit the instructions to the
device 50 by way of the server 70. The device ) may communicate with the computing
device 80 dizrectly, without the user of the server. This local comprunication may be wired or
wireless and may be two-directional. That is, the device 50 may transmit the parameter to the
computing device 80 directly and the computing device 80 pray return instructions to the
device 3 directly, without the need for communication with the cloudfserver 7. Such

communications can be in half-duplex or full duplex.

[6054] Referring to FIG. 1C, an example of the electrical communication between
paris of the connected system 20 or comnected systern 100 (FIG. 2) is shown. The senson(s)
and/or the controller{s} may be located on the device (e.g., device 50 of FIG. 1B). For
example, the sensor{s} may be located on the flush valve, on the toilet bowl, on an exterior of
the toilot bowl, ete. The sensor(s) may include an ulirasonic sensor located on the exterior
surface of the ceramic toilet bowl for detecting bowl contents andfor may include an infrared
sensor located on or near the flush valve for detecting the presence of a user. The sensor(s)
may be physically located on the device and/or may be located in proximity to the device,
The controller(s) may be located on the flush valve, on the Loilet bowl, or other ocation. The
controller(s) may be located remotely from the device. The controller{s} need not be focated
directly mu the device and may be located remotely while still being in clectrical
comumunication (either wired or wireless) with the sensor locaied on or near the device. In
this manner, one controller may meonitor andfor control one or more sensors that are located

on one or more devices (FIG. 1D).

fBO55] With continued reference to FIG. 1€, the controllen(s) may electrically

compmnicate with the sensor(s} as described herein. The controdler(s) may (ransmit and/or
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receive signals to andfor from the sensor{s}. The controiler{s) niay electrically communicate
with a computing device andfor with a server by way of a gateway. The controlier(s) may
fransmit andfor recelve signals to andfor from the compuoting device(s) andfor the server.
Thus, the controlier{s} may be communicate locally {e.g.. without connection to the server)
by way of the computing device (s} and’/or may communicate with the server. The
controtler(s} may therefore be able o consider a variety of information when instructing
action {e.g.. instructing the flush valve to open andfor close, instructing the angle stop to
close, seading a niessage to a technician andior janitor, or other actions as described herein).
The information may be information related to an mdividual toilet, a system of toilets, waler
gsage, weather, saniaryware contents, user status, ete., and any of the information discussed
herein. Fach controller(s) may be associated with o phoality of devices (FIG. 1) or a single

device (FIG. E}.

[8056] An exemplary connected system 100 15 shown in FIG. 2. The connected
system 100 may include one or more faucets 102 {e.g.. favcets 102 associated with sinks
104}, The comnected system 100 may include one or more sanitaryware 105, such as one or
mave toilets 106 and/or one or more urinals 108, Although sinks 104, toilets 106 and urinals
108 are shown, any may be omitted andfor other fixtures or plumbing fixtures may he
included. Any number of sinks 104, toilets 1096, urinals 108, andfor other fixtures or phambing
fixtures may be provided in the connected system 100, Each of the sanitaryware 1035 may
include a flush valve assembly 110, The flush valve assembly 110 may be the same or

different among the sanitaryware 1035,

[BOS7] The connected system 100 may include a computing device{s) 112, such asa
personal desktop computer 114, & laptop 116, a mobile device 118, or combinations thereofl
Auny of the devices (e.g.. the faucets 102, sinks 104, sanitaryware 108, flush valve assemblies

110, etc.} may commusticate with a gateway 120 which may communicate with the cloud or

14
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erver 122, The commpuiing device 112 may communicate with the cloud or server 122, In this

o

mannet, the computing device 112 and devices may communicate with each other.
Alternatively or additionally, the computing device 112 may communicate directly with the
devices. Communication between the sanitaryware 103, flush valve assemblies 114, faucets
{02, andior sinks 104 and the gateway 120 and/or between the pateway 120 and the server
122 may be Bluetooth® {e.g. short-range wircless communication), RF (Radio Frequencyl,

WiFI {e.g., wireless local area network), Infrared, or other wireless or wired communication

types. Communication between the computing device(s) 112 and the server 122 may likewise

be wired or wireless. The connected system 100 may include systems such as a faucet
system (LIPS), or combinations thereof., The FPS, TPS, andior UPS may be standalone
systems andfor may be a part of the overall connected system 100, The FPS, TPS, andior
UPS may commanicate with the devices, with the connected system, with the computing

devices, with the server, gateway, ete., or combinations thereof, in manners described herein,

[S8] The comnected system 160 may allow a yser to monitor the status of the
various devices. The various devices may be located in a single room, in maltiple rocws. in g
building, in & commercial building, warehouse, or ather facility, in a residential home, efe.
For example, the connected systent 108 may be allowed o monitor the volume of water used,

the number of flashes performed, the clog status, ete. of the devices. Many exemplary uses of

the connected system 100 are described herein {e.g. the Event cases describe herein).

[B3039] In an exemplary embodiment of the connected system 100 shown in FiQG. 2,
the user may monitor the status of the devices on the computing device 12, For example,
sensors on the sanitaryware 105 may compinicate to the computing device 112 the number
of flushes performed by the respective sanitaryware. {n the example depicted in FIG. 2, one

totlet has performed 33 flushes, one urinal has performed 83 flushes, one urinal has

[,
L
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performed 94 flushes, one sink bas used 110 gailons of water and one sink has used 167
gallons of water, This information may be depicted in pictorial, graphical, or textual form on
the computing device 112, It may be accessible from one, multiple, or all of the described
computing devices {12, The computing devices 112 may have au application or website for

moniforing and controlling the connected system H0, as is described in more detail herein.

[8060] In an exemplary embodiment of the connected system 1048, the one or more
sensars may deteet one or more parameters of the santtaryware device 103 {or other
component of the connected system 1003, For example, an ubtrasonic sensor located on an
exterior cerantic surface of the sanitaryware device 103 may detect a status of the bowl (e.g,
contents within, clog, ete.’ and communicate that information to the conpected svstem 100

{e.g., to the compating device 112} in any of the manners described herein.

[0661] In an exemplary embodiment the connected system 100 may momtor
information from both a sensor on the bowd of the sanitaryware fixture 163 (e.g.. an

ultrasonic sensor on the outside of the bowl} and an infrared (IR} seasor on the flush valve
assembly 110, The connected system 100 may, for example, detect solids {e.g.. solid wasltg,
toilet paper, other solids within the toilet) in the bowl of the sanitaryware device 105 with the
ulirasonic sensor and detect long usage time by the user with the IR sensor. The connected
systemn 100 may use both of these parameters o determine a high flush (e g, a high vohune
fhush) 1s needed and instruct the flush valve assembly 110 to perform the requived lush. The
connected system 100 may, for example, detect no solids in the bowl of the sanitaryware
fixture 103 with the ultrasonic sensor and detect short usage time by the user with the [R
sensor. The connecied svstem 100 may use both of these parameters to determine a low flush
(e.g.. alow volume flush) is needed and instruct the flush valve assembly 110 to perfonm the
required flush. In this manner, the connected system 100 may consider one or more
parameters from one or more sensors on each of the respective sanitaryware fixtures to
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determine the appropriate action. Employing more than one type of seusor (e.g., a bowl
sensor and a user status sensor) may wnprove the accuracy of the action to be taken and/or

may validate the appropriate action is being taken.

[6062] The flush valve assembly 110 may include a waler inlel and outlet as is known
in the art. The flush valve assembly 110 may include an angle stop. The flush valve assembly
{ 10 may include an infrared (IR} window, a status LED and an electric override button. The
flush valve assembly 110 may include a controller. The controlier mayv control operation of
the flush valve or components of the flush valve assembly 110 The controller may be battery
powered, AC powered, or a2 combination thereof. The controller may include an antenna to
permit comnnunicaiton with the connected system 106, The controller may be coupled to one
or move sensors, the one or more sensors may be located on the flash valve, located on, in or
around the ceramie surfaces of the sanitaryware, located within the room or building having
the sanitaryware, or combinations thereof. In this manner, the confroller may collect, analyze,

record, fransmut, or combinations thereof, data sensed by the sensor(s).

063 The controlier may control the flush valve based on ohe or more sensed Hems
from the sensor{s). The controller may comnunicate with a server 122 andf/or 8 computing
device 112, The controlier may communicate the sensed items from the sensor(s) o the
server 122 and/or computing device 112, The server 122 and/or computing device 112 may
analyze, interpret, compare, or otherwise monitor the sensed ems. The server 122 andior
compiting device 112 may fransimit instructions to the controller. The controller may initiate
an action in the santtaryware {e.g., & function of the flush valve) in response to the
instructions to the controfler. Other actions may be initiated instead of or in addition to
instructions to the fhush valve assembly 110, Such actions may he, for example, alerting a
person such as a technician. The controller may be coupled to the one or nore sensors

wirelessly and/or with an electric cable.



WO 2020/028798 PCT/US2019/044894

fo0ad] The housing of the flush valve assembly may include a cutowt or slot in which
fhe IR window is located. The IR window may include the status LED andior the electric
override button. The IR window may operate in known manner to detect the presence and/or
absence of a user to initiate a Hlush of the sanitaryware 105, The status LED may indicate a
status of the flush valve assembly 110 and/or the sanitaryware 105 {e.g., operationsl, do not
use, out of service, fhushing, user detecting, etc.). The electric override button may be
employed fo override a function of the toilet (e.g., 1o stop a flush). The antenna window may
facilitate conumuenications between {0 and from) the controller, the server 122, the computing
device 112, andfor other devices. The flush valve assembly 110 may inclhude an antenna {e.g.,

a Bluetooth antenna} (o communicate with other components of the connected system 100,

[0665] Referring to FIGS. 3A and 383, the sumtaryware 103 may be arranged i any
aumber of manners. In an example, the santtaryware 1863 may be a wall-bung toilet 106a with
a conceated flush valve assembly 116a. The concesled flush valve assembly 110a may be
located or concealed behind & wall such that a plate mav conceal the fhush valve and may
include a cutout or slot in which the IR window is located. The IR window may inchude the
status LED andfor the clectric override button. The IR window may operate in knowns manner
{0 detect the preseace and/or absence of a user to nitiate a flush of the sanitarvware 105, The
statas LED may indicate a status of the flush valve assembly 110 andfor (he sanitaryware 105
{e.g., operational, do not use, out of service, flushing, user detecting, ete.). The electric
averride bution may be emploved to override a function of the toilet {e.g., to stop a flush). A
plate may cover the wall around the flush valve assembly 110a to permit access to the flush
valve assembly 110a for repair, maintenance, ele. The concealed flush valve assembly 110a
may containn ap antenna window, The antenna window may facilitate communications
between (to and from} the controlier, the server 122, the computing device 112, andior other

devices. The tlash valve assembly | 18a may inclade an antenna {(e.¢., a Bluetooth antenna) to
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cormpnmnicate with other componeats of the copnected system 130, [n an example, the
sargtaryware 135 may be a wall-hung toilet 106b with an exposed {lush valve assembly 110b.
In an example, the sanitaryware 105 may be a floor mounted toilet 106¢ with an exposed
flush valve assembly 1i0c. Although not depicted, the floor mounied toilet HHe may have a
concealed {lush valve assembly. In an example, the sanitarvware 105 may be a urinal 108
with an exposed flush valve assembly 110d. In an example, the sanitaryware 108 may be a
urinal 168b with a concealed fhush valve assembly 110e. One or more of the examples, and/or
one or more of the individual components of the exaniples, may be conbined in one
sanitaryware 105 andfor within a connected svstem 180, One or nxre of any combination of

sanitaryware 105 may be combined to form the connected systern 100,

[8066] Referring to FIGS. 447, varioces views of a user interface are shown. The user
interface may be emploved on any one or more of the computing devices 112, The user
interface may be a web based application andfor a tocal application instalied on the
computing device 112, The user interface may allow for monitoring andior conirol of the
connected svstem 100, The user interface of FIGS. 4-7 is exemplary, modifications may be

eruploved. Alterpative user interfaces may be employed.

6067 FIGS. 4A and 4B show a wire frame of a web based dashboard 200. That is,
FIGS. 44 and 4B show the development side or structural level of the dashboasd 200, The
dashboard 206 may include visaal modules 202 associated with the connected system 1060, In
the exemplary dashboard 200 depicted in FIGS. 4A and 4B, the connected system 100 1s in a
huilding baving swltiple gender specific bathreoms. Thus, the visual modules 202 include a
“Men's East” module, a “Men’s West™ module, “Women's East™ module, and “Women's
West” module. Thus, a user mav monitor andior control the connected devices within each of
those locations. The dashboard 200 may also melude alerts or alarms 204, Such alerts or
alarms 204 may be user or system specific, may be automatically generated by the connected
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systern 100, may generated by the user, or combinations thereof. The alerts or alarps 204
may reflect a need for a techaician at a toilet, batteries that veed fo be changed, bathrooms
experiencing high or low traffic {e.g., based on some predetermined threshold), number of
pending clogs (e.g., estimated based on usage or status of the sanitaryware), conununicated
messages from the connected svstem 100, lack of foilet paper andfor paper towel in g device,
ete. These are merely examples of the alerts or alarms 204 that may be presented and the list
is not exhaustive. The alerts or alarms 204 may be any pumber of Hems pertaining to the
comected system 100, The dashboard 200 may also indicate a notification module 206. The
sotification module 206 may organize the alarms, commmications, and/or status of the
connecied systemt 106 by Jocation. For example, by Soor, by wing, by building, or
combinations thereof. The dashboard 200 may include a navigation panel 210, The
navigation panel 210 may allow 3 user to navigate between any number of web pages to
monitor andior control the connected system 100, For example, the top window of FIG. §
may depict a “home page” of the dashboard 200, The user may navigate to the lower window
which may be an “operational status page” of the dashboard 200, Additional pages may be
icluded. The operational status page may show the status of an individual sanifaryware
fixtere and/or a room, floor, wing, or building of sanitaryware or other components of the

cobneeted system 16,

[6068] Referring to FIGS.4A and 4B, the dashboard and system and thus the
monttoring and contrel may be setup and customized for a particular building, system of
huildings, rooms, floors, bathrooms, wings ete. Thus, the modudes shown in FIGS. 4A and 4B
may be customized {0 the particular connected system being monitored, Referring to FIG. 4C,
the dashboard may allow for filiering of the device type {e.g., gateway, toilets, urinals,
faucets, ete.), the bathroom type {e.g., men, womesn, unisex, etc.), the location {e.g., floor,

wing, bathroom, wing), or combinations thereof. The dashboard may allow for selection of a
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particudar stall on a particular floor in a particular bathroom to review and analyze the data
assoctated with the selected stall {or other selected device). Each device {e.g., cach stall,
toilet, flush valve, ete. ) may have settings based on a preselected or predetermined profile,
may consider historical data of the particular device or building, etc. The settings may include
the time of the detection interval, the delay in flush, the duration of a low flush, the duration
of a hugh flush, the ability to have auto rinse on or off and the frequency and duration of the
auto rinse, the ability to have a heavy flush on or off and the frequency and duration of the

heavy flush, the detection distance of the sensor, ete.

60649 As shown in FIG. 45, the devices may be filtered and or categorized based
one oF more parameters {e.g., floor, hathroom, clog status, batterv status, conununication

statas, efe. ). Onee filiered, a particular device {e.g., a particolar toilet) may be selecied from
the list to view a move detatled report on the todlet. For example, the report may show the
system status, communication staus, last date and time of communication, battery status,
water activity, number of flushes per dav, clogs, high flushes, low flushes, second flushes,
water consumption, and average {lushes. This information may be viewed over any time
peried. For example, the information may be viewed over the last 30 days, since the battery

was last changed, since nstallation, daily, in the afiernoon, ete.

[6070] FIGS. 5A-51 depict the user interface of the dashboard 206. That is, FIGS. SA-
51 show the user side of the dashboard 200. The dashboard 208 may be employed on a
compiting device 112, such as a desktop computer 114 or laptop computer 116, Thus, icons
or nodules pertaining to the aforementioned sections may be visualized by the user on the
dashboard 200 such as shown, by way of example only, in FIGS, 5A-31 As shown in FIGS,
SA-5], the dashboard 200 may include status, slarms, alerts, communications, or
combinations thereof refated to the various components of the connected system 100, For

example, the traffic, clogs, battery status, communication status, number of flushes, munber
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of high flushes, water consumption, clog status, and/or combinations of this or other
information may be monitored and controlied with the dashboard 200. In FIGS, 3D, 5G, 5H,
51, and 5], the information may be aggregated or collected to provide an overall daily,
monthly, or yearly status of a particudar santtaryware, other components of the connected
system 100, and/or the entire connected sysiem 100, As shown and has been described, the
information may be viewed in table form, modute form pictorial form. The information may

be as shown in the figures and as described below.

[8071] Referving to FIG. 5C, an administrator of the system may access various
building systenis ot conpany’s systems. Fach system may have buildings, floors, groups,
wings, and‘or rocms. Each of the groups (e.g., buildings, Hoors, groups, rooms, wings, efc.)
may be added to, edited, or altered based on the particulars of the company. FIGS. 5E and 5F
show an exemplary generally pictorial view of the data that may be monitored, analyzed, and
controlled in the connected system, The dashboard may include filters 250 to allow for the
visualization of any desired subset of devices and parameters based on the particular user,
building, company, ete. The view of FIGS. 5E and 5F may show any of the data deseribed
heretn. This nuay include, for example, water consumnption, water savings, total clogs, average
resolution time, secondary Mush frequency, total flushes, total water savings, total water
savings per women's bathroom, men’s bathroom, or unisex bathroom, monthly average of
water consumed, bathroom traffic, busiest and least busiest days of traffic/use of the
hathroom, total number of visits, total munber of visits per women's bathroom, men’s
hathroom, or unisex bathroom, average daily visits etc. This data may be monitored,
downloaded, vissalized, analyzed, and‘or controlled based on any number parameters. That
is, for example, but not limited to, i may be viewed per toilet, per bathroom. per huilding,

efc,
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[72] FIGS. 6A and 6B depict a dashboard 300 similar to the dasbboard 200, The
dashboard 300 may be emploved on a mobile device, such as, for example, a mobile
telephone, a tablet, or other handheld mobile device. The dashboard 300 may include the
same or sintilar information as described with respect to FIGS. 4 and 5. The dashboards 260
and 300 may be employed as a sanitaryware/gateway configuration tool {e.g.. a gateway as a
master or as a slave i a mesh network where no celfolar connection is available). The
dashboards 200 and 300 may allow for remote control of the flush valve assembly. The
dashbeards 200 and 300 may allow for remote control to the flush valve assembly 110 for IR
proximity sensor parameters and/or thush valve parameters. The dashboards 200 and 300 may
be emploved as an analyties tool to be used oo a standalone system. Thus, the dashboards 200
and 300 may allow for snalvzing of the usage of a particular sanifaryware or component of

the connected system 100 and/or of the entire connected system 100

[8073] FIGS. 7A-TF show various exemplary screens avatlable in the dashboard 300
or similar dashboard. The user may select from a stand-alone mode {e. ¢, not connected to the
server 122, communicating directly with the particalar component of the connected system
100} and a connected mode {¢.g.. conununicating with the server 122). The user may log-in
{0 the dashboard 300 such that each user may have a unique user dashboard personalized by
the user. FIG. TA shows an exemplary dashboard 300 sinular to that previcusly deseribed. In
FIG. TA, monitoring and control of cach particular component of the connected system 100 s
perntitted. The user may select a particular building, Hloor, hathroom, and stall to view the
status of clogs, flushes, andfor battery. The user may view the status andfor controd the status
of the ability of the particular componest {o be internet connected. The dashboard 300 may
allow the user to order replacement batteries directly, view water consumption, view average
savings, view flash disiribution between various flush tvpes (e.g, low and high flush. average

datly usage, etc.. The dashboard 360 may allow a user {o send data to a third party, control

]
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the settings of a particular component, and/or monifor and control other aspects of the

connected system 100,

[6074] FIG. 7B shows an exemplary dashboard 360 with a detailed look at one
particolar sanitaryware device and its associated flush valve assembly. As depicted, the
dashboard 300 may allow a user © view and control the settings of the sanitaryware deviee,
such as, for example, the user detection interval, the delay between detection and flush, the
duration the valve is open in a low flush, the duration the valve is open 11 a high flush, a
secondary flush delay, turning on/off an sutonmatic rinse of the sanitaryware, fuming on/off an
automatic heavy flush, the distance to which a sensor measures. These may be user scitings
and/or may be particular to the flush valve assembly, location of the totlet, or other factors, or

combinations thereof

[0075] FIG. 70 shows an exemplary dashboard 300 with set-up conirol of the
connected systern 106, Each component of the connected system 100 {e.g., each toilet, urinal,
sink, Tush valve, faucet, soap dispenser, toilet paper dispenser, paper fowel dispenser, efe.)
may be separately entered into the system. This may allow for individaal monitoring andfor

control of each component.

[076] FIG. 7D shows an exemplary dashboeard 300 with individual building and
floor monitoring and control of the connected system. FIG. 7F shows exemplary dashboards
300 that may be emploved {o set up the connected system 100, Each building and floor may
be assigned particalar fixtures or devices within them. Although depicted as boilding and
floors, other parameters may be assigned, such as rooms or wings, or combinations of

huildings, tleors, rooms, wings, efe. This may allow for monitering and control of a subset of

components of the connected system 100 as selected by the user.

s
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{6077 FIG. TE shows an exemplary dashboard 300 with settings parameters. The
ser may set the parameters based on their particular focal and or desived settings. Such
settings may include, for example, messurement system, cost per gatlon of water, a threshold
for over usage, a threshold for under usage, backup status, back up account, back up
frequency, and back up communication seftings, and any combination thereof. The seitings
may be used to calculate water savings or costs for the connected system, high and low usage
toilets, ete. This may allow for the user to put certain portions of the connected system 100
out of service (e.g., a low used toilet may be removed), determine service frequency (e.g., &
high used toilet may be serviced more frequently than a normal schedule), or perform other

functions with respect fo the Events described herein.

[0678] Any of the information monitored, displayed, and analyred with the dashboard
may be filtered or categorized as desired by the user. For example, by bathroom type, days,
month, vear, time of day {e.g.. business hours, workdays, shift time)}, stall, usage, clog status,
communication status, or by any of the parameters described herein.

[B3079) Any of the information, control, settings, data, andfor modules depicted in
FIGS. 5, 6, and 7 may be employed be either dashboard 200, dashboard 300, other dashboard,
or other uscr aterface emploved by the user on a conputing deviee 112

[608] As described herein, the dashboard may monitor historical data, system

performance over time, traffic in/owt of a bathroom, faucet or sink usage, sanitaryware fixtare

gsage,
[OOR1] FIG. 8 shows an exemplary user galewsy assignment for a connected system.

The gateway 400 may be associated with a particular location by the user. The user may
employ a computing device 402 (e.g., such as g mobile application} {o assign the gateway

location and set up the connected system. The ser may initiate log-in steps on the mobile

P
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application, the server 404 may authenticate the wser and allow the log-in to the mobile
application on the computing device 402, The user may scan or enter the address of the
gateway 460, The computing device 402 may communicate with the server 404 and transmit
the gateway 400 address to the scrver 404, The user may name and locate the gateway 400.
The server 464 may thus associate the gateway 400 with a particular location within the
user's connected system. That s, the user may have a gateway 400 for each room, floor,
wing, building, or subset of devices that are intended to be monitored and controlled with the
comtected system. The server 404 may control the gateway assigned to that particular
lescation based on information passed to and from the user by way of the computing device

402,

[6082] FIG. 9 shows an exemplary flush valve assersbly control for a connected
systam with the use of a gateway. The flush valve assembly 300 may be associated with a
particular location by the user. The user may employ a computing device 502 {e.g., such as a
mobile applbication) to assign the flash valve assembly S00 and set up the connected system.
The user may initiate log-in steps on the mobile application, the server 304 may authenticate
the user and allow the log-in to the mobile appiication on the computing device 302, The user
may scan or enter the address of the flush valve assembly 300, The computing device 502
may comnuinicate with the server 504 and transmit the flush valve assembly 500 address o
the server 304, The user may name and locate the flush valve assembly 500, The server 504
may thus associate the flush valve assembly 500 with a particular focation within the user's
sonnected system. That is, the user may have a flush valve assembly 500 for cach
sanitaryware {fixtore in cach of mumerous rooms, {loors, wings, or butldings that are intended
to be monitored and controlied with the connected system. in FIG. 9, the communication
between the computing device 302 and the Hush valve assembly 500 occurs by way of 8

gateway 566 and the server 304, as described herein {e.g, as deseribed n FIGS. 1A and 1B}

Py
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[BOR3] FIG. 19 shows an exemplary tlush valve assemibly controd for a connected
system without the use of a gateway. The flush valve assembly 600 may be associated with a
particualar focation by the user. The user may employ & computing device 602 (e.g, suchasa
mobile application) to assign the flush valve assembly 600 and set up the convected system.
The user nay imitiate log-in steps on the mebile application, the server 804 may authenticate
the user and allow the log-in to the mobile apphication on the computing device 602, The user
may scan ot enter the address of the flush valve assembly 600, The computing device 602
may conununicate with the server 604 and transmit the flush valve assembly 600 address fo
the server 604, The user may name and locate the flush valve assembly 606, The server 604
miay thus associate the flush valve assembly 600 with a particular location within the user’s
connected system. That s, the user may have a flush valve assembly 600 for each
sanitaryware fixture in each of numerous rooms, floors, wings, or buildings that are intended
10 be monitored and conirolied with the connscted system, In FIG. 16, the communication
between the computing device 602 and the flush valve assembly 600 occurs by way of the
coraputing device 602 without a gateway. The computing device 602 separately
compnicates with the server 604, The Flush valve assembly 600 does not comnwmicate

with the server 604, as described bercin (e.g., as described in FIGS. 1A and iB).

[O0R4] The following evenis describe exemplary situations in which the above
mentioned connected system 100 may be employed. Any of the features described above with
respect to the connected systerm may be employed in the events and vice versa. The
connected system and {he events are not exclusive or exhaustive of those deseribed herein,
Although the lollowing Events are described primnarily in the confext of sanaryware fixtures,
the concepts and applications may be nsed in other components of the connected system,
such as, for example, faucets, sinks, toilet paper dispensers, soap dispensers, paper towel

dispensers, and/or other fixtares within a building not limited to the bathroom.

P
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[OORS] Event: Flush Volume
[6086] The sanitaryware may be prograronied with an algorithm to determine flush

vohume. This may allow the sanitaryware io select a precise or specific flush volume for the
particolar function andror the particular status of the sanitaryware as previcesly determined.
The algorithm may take into account the water level threshold of the sanitaryware bowl, the
duration threshold of the presence sensor, the duration of the presence sensor, and/or the
sensed water level reading. The algorithm may allow the sanitaryware Lo select a high fush
volwme or a low fhush volume based on the status or conditton of the bowl. A high flush
volume may be, for example, about 4 liters to about ¥ liters {about §.06 gallons to about 2.3%
gallons). A low flush volume may be, for example, about 2 liters to about 4.5 Biers (about
0.52 gallons to about 119 gallons). Thus, the Sush valve of the samitaryware may be operated
1o a high flush or low flush based on a particular sensed condition of the sanitaryware. In
some embodiments, stored information on the history of the sanitaryware at the particular
time of day, or in the particular location, or other stoved information may be used to instruct

the flush valve on whether to initiate a low flow or high flush.

[087] The ability of the sanitaryware to determine a flush volume based on bowl
status or ather stored information nay have water saving advantages. The sanitaryware
and’or device may determine a status of the sanitaryware and, using the algorithm, inifiate a
high flush and/or low flush based on the particular condition of the sanitaryware. This may

allow water savings as the appropriate volume of water is flushed with every flush cvele,

[BO88] The particular flush initiated and/or the bowl status indicated may be
conmnunicated to a device {e.g. a server) to log and/or monitor the operation of the
sapitaryware. The information on the flush {e.¢. bigh or low), bow status, volume of water
used, ete. that is logged may be used for a variety of purposes. For example, the information

may be used for budget planning, LEED validation, tenant marketing, retikn on investment,

e
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future mvestment, and‘or mapagement of consumable products (e.g. cleaning fluids,
detergents, deodorizers, totlet paper, ete.). The information may be used to monitor toilet
habits or activities and the metrics of the samie of a user. This may be helpful in hospitals,
where patient toilet activities and metrics of the same may be monitored and {ogged for
health care purposes. The information niay be used to compare a ratio of toilet usage (eg.
ligpsid to solid}). The information may be used for influence of code agencies with data. The
information may be used to monitor water usage of the sanitaryware and thus monitor water
usage of gll sanitaryware in a building. This may allow for potential of water savings based
bithing. The information may be used for customer marketing. The information may be used
to conlrol the same {lush valve at a future time and/or to control a flash valve of another

Sanitaryware,

[6689] Thass, the monitoring and logging of the flush volume inttiated with each flush
of the sanitarvware, may improve the overall efficiencies of the sanitaryware. The tracking

may atlow the water supply to a building be carefully managed and use of the water supply
mity be maxiptized. For example, the building may be able to account for higher usage of the
water supply to the building af certain times of day, based on data logged from the
sanitaryware, At these times, the sysiem may conununicate with other devices {e.g other
plumbing fixtares or devices controlling other plambing Hxtares) to reduce the water
supplied to these devices during this time peviod. Thus, as described, the monitoring of the
data may improve the efficiencies of the sanitarywars by conserving water through the
sanitaryware and/or throughout the building. Other uses of the data to achieve the improved

efficiencies are contemplated.

[80946] Event: Clog
j091] The ability of the sanitaryware system to determine a clog event and take

appropriate action {(e.g. closing the angle stop valve and/or shutting off flow to the
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flushometer) may have disaster prevention advantages, may allow for higher availability
andfor lower downtime of the sanitaryware, mav allow for & cleaner restroom, and may
improve client satisfaction. The santtaryware fixtures of the sanitaryware system may include
one ot more sensors as previousty described. The one or more sensors may detect a parameter
of the sanitaryware, such as, for example, a water level in the toilet bowl, The sanitaryware
system may determine a condition of the samitary fixture andfor svstem hased on the sensed
parameter. For example, where the sanitaryware system senses a high water level in a fixture,
the system may determine a clog is present in the fixiure. The sanitaryware systern may thus
determine a status of the sanitaryware and determine if & clog event has oceurred andfor if the
sanitaryware 18 clogged. The connected systen may set a {arget time pertod for average clog
resolution. The connected system may thus determine an action to be taken {e.g., which

techaoician to dispatch) to obiaia resolution within the average time period.

[8092] The sanitaryware may inifiate a task request to a user, janitor, or technician to
clear the clog or otherwise service the sanitaryware fixture. Altematively, or additionally, the
sanitaryware system may close the angle stop or shut flow to the flushometer to prevent
usage of the sanitaryware untll the techaician is able to service the sanitaryware. This nay
sanitaryware 1s prevented from being used during the inoperable status of the sanflaryware.
This may also prevent damage to the sanitaryware and bathroom as a user is unable to operate

the clogged sanitaryware to cause further clogging which may resalt in damage.

093] The cloeg status of the sanitaryware may be compmunicated to the server to log
and/or monitor the operation of the sanitaryware and mav be logged for & vasiely of purposes.
For example, the information may be used to initiate a service ticket to a janitor and/or
technician. The information may be used fo monitor overall health of the building by location
and over time {e.g. over the course of the fife of the sanitaryware). The information may be
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used {0 moulior rends {e.g. trends in cloggme), poor plusmmbing, and’or vandalism, ete. The
information may be used to diagnose drain line versus sanitarvware clogs. The information
may be used to monitor performance of the particular chinaware model of the sanitaryware.
The information may be used o monitor building phumbing heaith by age. type, focation,
time, and/or sanitation system. The information may be used for failure analysis, diagnostic
of true clog versus g faiture to open the valve. The information may be used for customer

marketing tracking,

{HHUEY Thus, the montoring and logging of clog events may improve the overall
efficiencies of the system. The tracking may allow the collection of fixtures within the
building and the water supply of the bwilding to be carefully managed. For example,
monitoring the number of times or times of day a particelar santtarvware is clogged may
allow for preventative mamtenance or early diagnosis of a failure. The system may also
communicate with other sanitaryware to allow for compensation for the out of service toilets.
Furthermore, it may allow technicians andfor janitors to improve efficiencies in managing the
plumbing fixtures in a building. Knowing the time, location, and severity of a clog may allow
for the technician and/or plumber to arvive properly prepared to address the clog. The
location of clogs or malfunctioning toilets may be mapped for the technizian and/or janitor.
This may also allow the technician andfor plumber to address more than one problem toilets
af a single time. Furthermore, historical data of clogging at a particular sanitaryware may be
used to conirol the sanitaryware and other sanitaryware. Thus, as described, the logging of
the clogged events may improve efficiencies of the sanitaryware and a collection of multiple
sanitaryware by allowing for disaster prevention, higher availability andfor lower downtime
of the sanitaryware, cleaner restroom, and improved chient satisfaction. Other uses of the data

tor achieve the improved efficiencies are contemplated.

[8095] Event: Leak Detection
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[6096] The ability of the sanitaryware to determine leak detection in to the bowl and
issae an alert, may have water saving advantages and tndirect energy saving advantages. The
sanitaryware may determine a status of the sanitaryware and determine if a leak is ocowring,
where the leak is occurring, and for how long the leak has been occurring. For example, the
sgnitaryware may be equipped with one or mare sensors which monitor the flow through the
angle stop and/or flush valve. When a constant {low is detected, the system may determine a

leak is occurring.

8097 In an exemplary embodiment, the sanitaryware may include one or more
sensors that may be ultrasonic sensor(s). In the event there is feaking of water from the tank
and/or flush valve into the toset bowl, a disturbance occwrs in the water in the toilet bowl.
That is, a ripple or wave may be created in the static bow! water due to the dripping waler
from the tank andfor flush valve. For example, a toilet that is not in use may have water in the
ioilet bowl that is in a static state, Turbulence in the water, due to leaking from a component
of the toilet may be detected with the ultrasonic sensor. A sampling of the signal using the
ultrasonic sensor (absence and presence of @ Time of Flight (ToF) may be used to determine
if there ts water leaking ioto the bowl. Thus, the ulirasonic sensor may be employed to detect
the state of the bowl (e.g. a clog is present). The determination of the state of the bawl is
described in move detail in Grover et al. The samifaryware systern may be programmed to
interpret extended turbulence in the bowl as an indication of & malfunction in the
sanitaryware fixture, such as an improper closure of the flush valve, defective or damaged

flush valve, or other defective or damaged component.

[B098] The sanitarvware system may communicate with a fechnician, plumber,

facilities manager, and/or janitor to iniliate a service toket for servicing of the sanitaryware
fixture and/or system. Early detection of a leak may save water, save energy, and allow for
early correction of the probiem by initiating an alert or service ticket {o a technician and/or
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Janitor. In some embodiments, the sanitaryware may automatically send a signal to the angle
stop, closing the angle stop, to prevent further fluid from leaking in the sanitaryware. At the
same tme, the sanitaryware may commuiicate an alert to a technician to remedy the

problem.

[6699] The leak detection in the sanitaryware may be communicated 1o the server to
log andfor monttor the operation of the sanifaryware systent. For example, the information
may be used to tiale a service tieket to a janitor and/or technician. The information may be
used to automatically close an angle stop valve. The information may be used to lower water
costs {e.g.by closing valves to prevent on-going leaks), to inifiate proaciive service (e.g. due
to part ware, such as ware to valve parts), to evaluate relurn on fvestment, for marketing, o
imitate proactive replacernent of parts {e.g. sending an alert or e~-mail to a facility manager (o
replace the valve or parts thereof), to monitor reliability of the data {e.g. by locality, water
guality and type, usage frequency, pressure, and tyvpe}. Historical data on leak detected at

sapitaryware may be used to control the sanitaryware or other samitaryware.

{6100) Thas, the momitoring and logging of leak events may improve the overall
efficiency of the system. The tracking may allow the sanstaryware and/or collection of
sanitaryware in a building to be carefully managed. For example, monitoring the occurrences
of leaks mav allow for preventative maintenance or early diagnosis of a failwre, The svstem
may also communicate with other devices or sanitaryware to allow for compensalion for the
out of service sanitaryware, Furthermore, it may allow technicians andfor janitors to improve
efficiencies in managing the plumbing fixtores in a building. Knowing the time, location, and
severily of a leak may allow for the iechnician and/or plumber to arvive properly prepared to
address the leak. The location of the leaking sanitaryware may be mapped for the technician
and‘or janitor. This may also allow the technician andfor plumber to address more than one
problem toilet at a single time, Thus, as described, the logging of the leaking toilets may
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improve efficiencies of the sanitaryware and a collection of multiple sanitaryware by

allowing for issuance of an alert, water savings, and indirect energy saving advaniages.

fe101] Event: Angle Stop Conirol
[6102] The ability of the sanitaryware to detect a status of the angle stop may aflow

for disaster prevention, communication with building owner, and water savings. The
saitaryware may determine a status of the sanitarvware and determine 1f a clog event has
accurred, if the sanitaryware s clogged, if there is a leak, or other fatlure of the flush valve.
The sanitaryware may initiate a task request fo 3 user, janitor, or technician to address the
maintenance and/or repair. Alternatively, or additionally, the sanitaryware may agtomatically
close the angle stop or shut off low 1o the flushometer to prevent usage of the sanitaryware
unti} the technician or janitor is able to service the sanitaryware. This may allow water
savings as water is prevented from flowing to the sanitaryware and the sanitaryware 1§
prevented from being used during the inoperable status of the sanitaryware. This may also
prevent damage to the sanitaryware and bathroom as a user is unable (o operate the
inoperable sanitaryware ustil the sanitaryware can be serviced, In some embodiments, the
angle stop may be controlled automatically to control the flow of water flowing through the
sanitaryware. That is, the angle stop may be controiled to close, partiatiy-close, apen, or
partially-open, based on the particular status of the bowl andfor based on structions

received at the santtaryware.

[O103] The angle stop status and control thereof may be convmunicated to the server
1o log and‘or monitor the operation of the angle stop and may be Jogged for a variety of
purposes. For example, the inforniation may be used to allow for self-diagnosis of the
sapitaryware, diagnosis, and main water supply shut off. For exampte, the angle stop may be
closed and the status of the sanitaryware may be compared both before and afier the angle

stop s closed. Comparing the bowl status may allow for the sanitaryware o self-diagnosis if
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there is a leaking valve versus a clogged totlet. The sanitaryware may then conununicaie the
determination {e.g. leaking valve or clogged toilet) to a technician or janitor for remediation.
The information may also be used to diagnosis a failure of a valve component or other
sanitaryware component. This may inform further product improvements. The sanitaryware
may also communicate to a janitor and/or technician that the angle stop has been closed and
further initiate a service ticket, The information may be used to monitor performance of the

parttcular angle stop andfor flush valve and allow for replacement or maintenance of same,

f104] Thus, the monitoring and logging of angle stop status may improve the overall
efficiencies of the system. The tracking may allow a sapitaryware and multiple sanitaryware
fixtures within the building and the water supply of the bailding to be carefully managed.
Thus, ag described, the logging of angle stop status may improve efficiencies of the
sanitaryware and a collection of multiple sanitaryware by allowing for disaster prevention,
conymunication with the uilding owner, and water savings. Other uses of the data o achieve

the improved efficiencies are contemplated.

[8105] Event: Battery Status
[#106] The ability of the sanitaryware to monitor battery status may allow for

initiation of a ticket, inventory management, service planning, proactive repair andfor
replacement of parts, monitoring of haftery life versus other trends, and marketing. The
battery status may be communicated to the server to log andfor monitor the status of the
battery. For exaniple, the baltery statas may allow for preemplive recharging or replacement
of the batteries to avoid or prevent the functions of the toilet from being inoperable due to an
inoperable battery. Thus, the monitoring and logging of the battery stalus may improve the

overall efficiencies of the svstem.

[8167) Event: Water Pressure Monitoring

Lad
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[e108] The ability of the saniaryware to moniior water pressure may allow for self-
adiasting water volume based on pressure and roay allow for water savings. The sanitaryware
nay ponitor or sense a water pressure at one or more locations within the sanitaryware. The
samtaryware may monitor or sense a change in water pressure. i an exemplary erabodiment,
the sanitaryware may include one or more sensors (e.g. an ultrasonic sensor(s})) tor
monitoring a state of the water in the foilet bowl, as previously described and as described in
Growver et al. The water in the toilet bowl may have a steady state condition where the water
is stabilized {e.g. Hitle or no disturbances in the water). At a nornial or desired water pressuare,
the time for the water in the toilei bowl (o siabilize after refilling {e.g. between flushes) may
be a {irst fime period. When there is high water pressure, the time for the water in the toilet
bow! to stabilize may be greater than the first time period. When these s low water pressure,
the fime for the water in the toilet bowl to stabilize niay be less than the first time period. The
uftrasonic sensor may determine the time the water takes to stabilize and thus may determine

a change in water pressure.

109 The sanitaryware may initiate a function In response to the water pressure
being at a predetermined level or within a predetermined range. or outside of the
predetermined level or range. For example, the sanitaryware may adjust a position of the
angle stop to merease or decrease (he pressure B the sanitaryware, The predetermined lovels
or ranges may be preprogramed in the sanitaryware or piay be stored in the server for
conmmnunicating to the sanitaryware. The predetermined levels or ranges may be updated
hased on historical data of the sanitaryware or other sanitaryvware in the svstem. Thus, in the
exemplary embodiment described above, the sanftarvware may maintain a desired water
pressure in the system by responding to the monitored or sensed change in water pressure.
fO116] The water pressure may be conununicated to the server to log and/or nmonitor
the operation of the sanitaryware and may be logged for a variety of purposes. For example,
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the information may be used to initiate a service ticket. The information may be used as data
capure for return ob investment andfor marketing commanications {re: water savings). The
information may be ysed to facilitate troubleshooting {e.g. cost savings, less tme diagnosing
issucs, fixing issues with one visit, bringing the right parts and tools for repair, sending the
requests to the correct department or individual}, The information may be used for cusiomer
education. The information may be used for trends (e.g. building plumbing health by age,
type, location, time, sanitation system, efc.). The information may be used for new product
development, support claims investigations and payouts, and support building water pressure
management systems, ete. Thus, the monitoring and logging of waler pressure may improve

the overall efficiencies of the system.

[o111] Bvent: Sanitaryware Usage and Metering
[o112] The ability of the sanftarvware to monttor usage and metering may allow for

the ability to determine fixture availability, metering, real-time bathroont availability by
location, and efficient building design. The sanitaryware usage and metering may be
communicated to the server to log and/or monitor the operation of the sanitaryware, For
example, the information may be used to monitor how, when, and how frequently a
bathroom, sanitaryware, or other bathroom fixtures are being used. The information may be
used to deternuining trends in bathroom usage. The information may be used to determine
frequency and level of cleaning and maintenance. Predictive analyvtics in combination with
the sensor information and information from surrounding devices may be used o determine
the frequency of use of the santaryware device {e.g., if the frequency of use is too low or foo
high). For example, the controller may determing a condition is an uncharacteristically high
or low level of usage of the fixture or fitting and the action is inftiating a service ticket. The
condition may be an uncharacteristically bigh or low level of usage of one or more the
santtaryware fix{ures as compared to historical. The mformation may be used to identify
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unusual inactivity and indtiate a scrvice ticket. The information may be used to determine
service planning, monitoring how restrooms re utiity by butlding type, and develop bathroom
availability messaging. Thus, the monitoring and logging of sanitaryware usage and metering

may inoprave the overall efficiencies of the systent

(0113 Event: Media Sensing
[6114) The ability of the sanitaryware to monitor media sensing may allow for a clean

and sanitary bathroom. The santtaryware may sense the media remaining in and/or around the
sapitaryware. The sanitaryware may be commumnicated to the server to log andor monitor the
operation of the sanitaryware. For example, the information may be used to initiate a service
ticket {e.g. to perform a bathroom cleaning and/or sanitaryware cleaning}, to monitor trends
int bathroom usage and clean based on those trends, to diagnose overall healih of the builkding
by location and over the coarse of time {e.g. plumbing ssues, vandalism, drainage issues,
other toilet diagnostics). The information may be used for new product development based on
the low and’or high pressure building learnings, media sensing, type of sanifarywars, toilet
seat cover asage, ete. Thus, the monitoring of media sensing may improve the overalt

efficiencies of the system.

FELES] Event: Monitor Water Level
[116] The ability of the sanitaryware (o monitor water level and determine a high or

low water level may allow for a health environment and water savings. The sanitaryware may
be sense a water level in the bowl of the santtaryware. The sanitaryware may compare the
water level to a predetermined range and take an action based on the water level. For
example, i the water level is too high, the sanitaryware may close the angle stop or flush
valve and initiate a service ticket, If the water level is foo low, the sanitaryware may admit

water to the bowl, The sanitaryware may communicats the water level status to the server to
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log andfor monitor the operation of the sapitaryware. The information may be used o
facilitate trouble shooting, for the overali health of the building by location and over time
{e.g. trends, bad plumbing, vandalism, drainage, totlet diagnoses), proactively to send
customer alerts on water levels, i particular low water fevels. The information may be
capiured for return on investment and marketing communications about water savings and/or

for market. Thus, the monitoring of water level may improve the overall efficiencies of the

sysiem.
[H1E7] Event: Line Clog
[O1E8] The ability of the sanitaryware (o detect a line clog may allow for water

savings advantages and a bealtby environment. The samtaryware sy deterniine a status of
the sanitaryware and determine if a clog event has occurred andfor if the line is clogged. The
sanitaryware may be able to distingoish between a bowl clog and a line clog. For example,
when there is a line clog, the water in the toilet bowl may be slow to drain and/or in a serics
ar bank of toilets, one or more {otlets may experience high water lavels in the toilef bowls, A
sensor may be provided (e g an lirasonic sensor) to monitor or sense the water level in each

toilet bowl. If the sensor detects slow draining in the toilet bowl or high water levels in one or

mave toilet bowls, as deseribed in Grover et al., the system may determine there is 8 Tine clog.

[6119] For example, in a series or bank of sanitaryware fixtures, each fixture may
include one or more sensors. The one or more sensors may detect a water leved in the fixture
bowl. The sensors may detect a rise in the water level in the xtare bowl. The system may
determine from the sensor readings that the rise of water level in one or more fixtures in a
series or bank of fixtures is indicative of a line clog. A line clog may exhibil a rise in water
level in some or all of the fixtures in a series of fixture (e.g. in a public restroom). The system
maty attribute the rise in water fevel to the line clog and initiate a ticket o a facilities

manager, janitor, and/or techaician to service the plumbing and/or fixtures.
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f6126] {n another exampie, one or more sandaryware fixtures may melude ove or
move sensors. The one oy more sensors may measure a fall in the water fevel in the toilet
bowl. That is, the sensor may measure a rate of change in the water level in the fixtare bowl.
The system may ativtbuie a slow rate in change of the water level (e.g. afiera flush cyele} o a
slow drain condition. The slow drain condition may indicative of maifunction or damage in
the samitaryware fixture. The system may initiate a ticket to a facilitics manager, janitor,

and/or technician fo service the plumbing and/or fixtures.

8121 The sanitaryware system may initiate a task request to g user, janitor, or
techmician to clear the line clog and/or service the plumbing to address the line clog.
Alternatively, or additionally, the sanitaryware may close each apgle stop in a line of
sanitaryware or shot off flow upstream of the line of samlaryware to prevent usage of the
sanitaryware{s) until a technician, janitor, or plumber is able fo service the Hne or plumbing.
This may allow water savings as waler is prevented from flowing to the sanitaryware and the
sapitaryware is prevented from being used during the inoperable status of the sanitarvware,
This may also prevent damage to the sanitaryware and bathroom as a wser is vnable to operate

the toilet which may causc damage to the sanitaryware and/or plumbmg.

f6122] The line clog status may be communicated to the server to log and/or monitor
the operation of the sanitaryware and may be logged for a variety of purposes. For example,
the information may be used to initiate a service ticket to a jamior anddor technictan. The
information may be used to monitor overall health of the building by location and over time
{e.z. over the course of the life of the sanitaryware). The information may be used to monitor
frends {e.g trends in clopging), poor plumbing, andfor vandalism, efe. The nformation may
be used to diagnose drain hne versus toilet clogs. The information may be used to monitor
building plumbing health by age, type, location, time, and/or sanitation system. The
iformation may be ased for failure analysis, diagnostic of true clog versus a failure o open
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the valve. The information may be used for customer marketing tracking, return on
investment, or marking comumunications about water savings. The information may be used
1o proactively send customer alerts on low water levels, Thus, the monitoring and logging of

clog events may improve the overall efficiencies of the system.

[0123] Event: Cleaning Cycle
[4124) The connected system may conwnunicate with a user, such as a janitor or

technician. The user may remolely operate {e.g. via wireless communication, a dashboard, or
combination thereof} the sanitaryware or other components of the connected system. The user
maty send instructions via a dashboard on one or more of a tablet, mobile device, or computer
to the santiarywiare. The user may thus condrel, maintain, and/or repair the sanitaryware
remotely. For example, the sanitarvware may include a cleaning cycle. The user (e.g. janitor
or janitorial staff, homeowner, other users) may mnstruct {e.g., via the dashboard) the
samitaryware to enter the cleaning mode. The user may send the instructions according to a
scheduled cleaning program, alternatively, 8 computer may send the instructions
agtomatically, with no intervention by the user. The sapitaryware may monitor the status of
the bowl as previously deseribed and determine the status of the sanstaryware to be unclean.
The sanitaryware may comnuiicate the status to the user who may theo sead the tnstructions
to enter cleaning mode. Alternatively, the sanitaryware may autonomously instruct the
cleaning syslem {o operate a cleaning cyele based on the status of the sanitarvware {e.g., as
detected from interaction with the server). In an exemplary embodiment, the sanitaryware
may allow for automatic cleaning in & hospifality environment. For example, when a
customer checks out of a hotel or lodging room, a signal may be sent to the sanitaryware, The

signal may mstract the sanitaryware to enter the cleaning cycle.

b

j125] Thus, the sanitaryware may be cleaned remotely and/or selectively, according

to the needs of the particular sanitaryware or in response to instructions from a user. The
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activation of the cleaning mode may allow for simple and fast cleaning of the sanitaryware.
The user may perform needed servicing (e.g, cleaning), without fush interruption. In an
exemplary embodiment, the cleaning mode of the sanitarywiare may be entered and a
predetermined period of time {e.g. ) minutes) may pass before a flush is automatically
performed. This may allow the disinfectant and other cleaning materials present in the
cleaning mode to bave sufficient time 1o disinfect andi/or clean the sanitaryware. The flush
volume of the subsequent flush after the cleaning mode may be selectively chosen. In some
embodiments, the flush volume may be selected to be larger than a flush performed during

the normal cowse of use. The flush volume may be selected to be 1.6 gallons.

[6126] Accordingty, each piece of sanitaryware or other component in a connected
system may be monttored. That is, every time the sanitaryware is cleaned andior
maintenanced in some manner, the ocewrrence may be fracked. In some embodiments, the
sanitaryware may send a signal indicating mainienance or cleaning has been performed to the
server. In some embodiments, when the technictan sends the cleaning signal to the
sanitaryware, the ocowrence may be automatically logged. This may allow the cleanmg to be

tracked. monitored, grapbed and‘or monetized.

fe127H Event: Weather
[6128] The comnected system may ntonitor weather and provide instructions to the

sanitaryware or other component based on the weather, The connected system may retrieve
information from the cloud (e.g., from a weather service, weather channel, weather
application. etc.)} as to the topending weather. If, for example, the weather is very cold, the
connected system may instruct small, periedic flushes to prevent pipes within the connected
system from freezing. H, for example, the weather is very hot and/or if the sanitaryware
fixture is continuously or internuittently exposed to the elements, the connected system may

instruct smali, periodic flushes to prevent evaporation of the water within the bow! and thus
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exposure of sewer gases. The execution of small, periodic flushes may bring back the

mechanical seal within the sanitarvware,

[6129] The connected system of the aforementioned disclosure may facilitate the
maintenance and control of one or more sanitaryware fixtures in the system. That is, for
example, the system may include all of the sanitaryware fixtures in an office building oron a
particular {loor of an office building. The systen may monitor each individual fisture. The
system may use information from a single fixtare or a group of Oxtures fo determine a
condition of the plumbing, cach fixture, or the collection of fixtures. The system may notify a
facilities manager or other personnel of the condition to perform remedial maintenance,
preventative maintepance, identify problem fixtures or plumbing, minimize water usage, and
otherwise optimize the building systern. In one example, the sanitarvware system may be
emploved in a hospitality setting, such as a hotel or inn. The system may monitor toilets
within the system, perform mainienance and cleaning, place fixtures out of service, and

otherwise control the fixtures within the system.

[6138] Referving to FIG. 11, an exemplary system for use in the computing device
112 may include a general-purpose computing device 700, including a processing wnit (CPU
or processor) 72 and a system bus 710 that may couple various system componends
including a systern memory to the processor 720, The system memory 730 may be a read-
only memory (ROM) 440 andior a random aceess memory {RAM) 450, The compuiing
device 700 may include a cache of high-speed memory connected divectly with, in close
proximity to, andfor integrated as part of the processor 720, The computing device 700 may
copy data from the memory 730 andior a storage device 760 to the cache for quick access by
the processor 720, In this way, the cache may provide a performance boost that avoids
progessor 720 delays while waiting for data. These and other modufes may control or be
configured to control the processor 720 to perform various actions. Other system memory

43



WO 2020/028798 PCT/US2019/044894

730 may be available for use as well. The memory 730 may include multiple different types
of memory with different performance characteristics. The device 700 moay operate with more
than one processor 720 or on a group or cluster of computing devices networked fogether to
provide greater processing capability. The processor 720 may include any general purpose
processor and 3 hardware module or software mndule, such as module 1 762, modude 2 764,
and module 3 766 stored in storage device 760, configred to control the processor 720 as
well as a special-purpose processor where software instructions are incorporated into the
actual processor design. The processor 720 may essentially be 2 completely self-contained
computing system, containing muliiple cores or processars, a bus, memaory controtler, cache,

ete. A multi-core processor may be symmetric or asynunetric,

[0131] The bus 71 may be any of several fypes of bas structures including a memory
bus or memaory controller, a peripheral bus, and a local bus using any of a variety of bus
archifectures. A basic input/output {BIOS) stored in ROM 740 or the like, may provide the
basic routine that belps to transfer information between elements within the computing device
700, such as during start-up. The computing device 700 further includes storage devices 760
such as a hard disk drive, a mageetic disk drive, an optical disk drive, tape drive or the like.
The storage device 760 may include software modules 762, 464, 466 for controfling the
processor 720, Other hardware or soflware modules are contemplated. The storage device
764 is connected to the system bus 710 by a drive interface. The drives and the associated
compuler-readable storage nicdia provide nonvolatile storage of computer-readable
instructions, data struchuwes, program modules and other data for the computing device 706,
in one aspect, a bardware module that performs a particular function inclades the software
component stored in a tangible computer-readable storage medham in connection with the

g ey
Y
’I

necessary hardware components, such as the processor 728, bus 710, display 770, and so

forth, to camry out the fanction. In ancther aspect, the systern can use a processor and
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comaputer-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 706 iz a snsall, handheld computing device, a deskiop computer,

ar f CONTMICT SCrVer,

[8132] Although the exemplary embodiment described herein employs the hard disk
for the storage device 760, other types of compuler-readahle media which can slore data that
are accessible by a computer, such as magnetic cassettes, flash memory cards, digital
versatile disks, cartridges, random access nientories {RAMs} 430, and read-only memory
{ROM) 440, may alse be used in the exemplary operating environment. Tangible computer-
readable storage media, computer-readable storage devices, or computer-readable memory
devices, expressly exclude media such as transitory waves, energy, carvier signals,

electromagnetic waves, and signals per se.

[#133] To enable user inferaction with the computing device 700, an input device 790
represents any number of input mechanisms, such as a nverophone for spesch, a touch-
sensitive screen for gesture or graphical input, keyboard, mouse, motion input, speech and so

g
‘E

forth. An output device or display 77 can alsa be one or more of a nuniber of output
mechanisms known to those of skill in the at. In some instances, mudtimodal systems enable
a user to provide multiple types of input to communicate with the computing device 700. The
conynunications interface 780 generally governs and manages the user input and system
gutput. There is no restriction on operating on any particular hardware arrangement and

therefore the basic features here may easily be substifuted for improved hardware or firmware

arrangements as they are developed.

f134] The present disclosure may collect, share, and act on information generated

from a totlet performance sensor systems as well as external behavior data from other similar
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or dissimilar sysienws. These similar systems may include ather toilets and/or urinals. The
dissimilar systems may include weather services, date and time management serviges, inline
flow meters ete. The todlet performance system may be capable of differentiating between
liquid and a solid event, as well as overflow events, and partial flush. In such situations the
system may manage a valve by regulating the water follow or auto shuiting off the system
depending on the focal event or external behaviors such as line clogs, weather (hot or cold),

eig.

[B135] For example, during hot summers, a prolonged lack of use of a toilet can use
the mechanical water seal to be compromised. In such an event if a toilet i a system of
toilets detects a mechanical water seal compromise, the information can be shared with the
total system to make necessary adjustment to maintain mechanical water seal. Likewise,
during colder winter days, the system can be used to sutomatically dispense small amounts of

water to mainfain the integrity of the plumbing,

[#136] Additionally the system is capable of detecting water leaking into the bowl
and change in the line pressure. In such sifuations the toilet performance system is capable of
notifying water Jeaks to the patron as well as adjosting valve timing to regulate the water in
the event of change in water line pressure. All the above mention evenis may be
communicated to a user via wireless of wired digital communication metihods, Furthermore

the carrent sensing capability may allow reports of abnovmal water levels in toilets, Similar

aggregated data form system of toilets is capable of alerting users of imminent sewer line
hlockage.
[8137] Use of language such as “at lesst one of X, Y, and 2. “at least one of X, Y, or

pLANT

2 "at least one ormore of X, Y, and 2.7 “at least one or more of X, ¥, or Z,

" g,

at loast one
or more of X, Y, andfor 2,7 or “at least one of X, Y, and/or 2.7 are intended to be inchusive of

both a single ftern (Just X, or just Y, or just £) and multiple items (le., {Xand Y}, {X and
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Y and £}, or {X, Y, and Z}). TAt least one of” is not intended to convey a requirenient

that each possible item mast be present.

[6138] Although the foregoing description is directed to the preferred embodiments of
the invenlion, it1s noted that other varlations and moditications will be apparent to those
skilled in the art, and may be made without departing from the spirit or scope of the
invention. Moreover, features describad in connection with one embodiment of the invention

may be used in conjunction with other embodiments, even if not explicitly stated above.



The following concepts are herein disclosed.

1. A sanitaryware control system for controlling a sanitaryware fixture system, the sanitaryware
control system comprising:

a plurality of sanitaryware fixtures;
one or more sensors coupled to each of the sanitaryware fixtures, the one or more sensors configured
to detect one or more parameters associated with operation of sanitaryware fixture system; and
a controller electrically coupled to each of the sanitaryware fixtures and configured to determine a
condition of the sanitaryware fixture system based on the detected one or more parameters;
wherein each of the sanitaryware fixtures are configured to be operated based on the condition,

external behavior data, or a combination thereof.

2. The sanitaryware control system of concept 1, wherein the external behavior data is from a similar

system or a dissimilar system.

3. The sanitaryware control system of concept 2, wherein the similar system is one or more of the

other sanitaryware fixtures.

4. The sanitaryware control system of concept 2, wherein the dissimilar system is weather services,

date and time management services, or inline flow meters.

5. The sanitaryware control system of concept 1, wherein the plurality of sanitaryware fixtures

comprise toilets, urinals, bidets, or combinations thereof.
6. The sanitaryware control system of concept 1, wherein the controller is configured to initiate an
action to operate one or more of the plurality of sanitaryware fixtures based on die condition and

external behavior data.

7. The sanitaryware control system of concept 6, wherein the condition corresponds to a load status

and the action is one of a high flush volume or a low flush volume.

8. The sanitaryware control system of concept 6, wherein the condition is a clog event and the action

is one of initiating a service ticket, closing a flush valve, or closing an angle stop.

9. The sanitaryware control system of concept 6, wherein the condition is a leak detection and the

action is one of initiating a service ticket, closing a flush valve, or closing an angle stop.
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10. The sanitaryware control system of concept 6, wherein the condition is an angle stop status and

the action is self-diagnosing a clog or initiating a service ticket

11. The sanitaryware control system of concept 6, wherein the condition is a battery status and the

action is initiating a service ticket.

12. The sanitaryware control system of concept 6, wherein the condition is a water pressure and the
action is initiating a service ticket, supporting a concepts investigation, facilitating trouble shooting,

or adjusting a duration a valve remains open.

13. The sanitaryware control system of concept 6, wherein the condition is fixture usage and the

action is monitoring a usage of a bathroom or initiating a service ticket based on unusual activity.

14. The sanitaryware control system of concept 6, wherein the condition is a water level and the

action is initiating a service ticket or adjusting a position of a valve.

15. The sanitaryware control system of concept 6, wherein the condition is a line clog and tire action

is initiating a service ticket or adjusting a position of a valve.

16. The sanitaryware control system of concept 6, wherein the condition is an uncharacteristically
high or low level of usage of one or more the sanitaryware fixtures as compared to historical data and

the action is initiating a service ticket.

17. The sanitaryware control system of concept 1, wherein the controller is configured to send the
detected one or more parameters and determined condition information to an external device to store

and log.
18. The sanitaryware control system of concept 17, wherein each of the sanitaryware fixtures are
configured to be operated based on a historical data of the stored one or more parameters, condition,

and a previous action stored over a period of lime.

19. The sanitaryware control system of concept 1 , wherein the controller is a plurality of controllers,

each of the plurality of controllers coupled to a respective one of the plurality of sanitaryware fixtures.

20. The sanitaryware control system of concept 1, wherein the controller is electrically coupled to a

subset of the plurality of sanitaryware fixtures.
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21. The sanitaryware control system of concept 1, wherein the one or more sensors includes an
ultrasonic sensor located on an exterior of a bowl of one of the plurality of sanitaryware fixtures and
an infrared sensor located on a flush valve assembly of the one of the plurality of sanitaryware
fixtures, and

wherein the one or more parameters includes an indication of bowl contents sensed from the
ultrasonic sensor and an indication of usage time of the one of the plurality of sanitaryware fixtures

sensed from the infrared sensor.
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Claims

1. A connected sanitaryware system which, when installed, comprises:

a plurality of sanitaryware fixtures;

one or more sensors coupled to each of the fixtures; and

a control system comprising one or more controllers in electrical communication with a
computing device and with the one or more sensors;

wherein

the one or more controllers are configured to communicate with the computing device
directly and/or via a gateway,

the control system is configured to collect data from the one or more sensors,

the control system is configured to determine a status of the sanitaryware fixtures based on
the data,

the plurality of sanitaryware fixtures comprises a plurality of toilets,

the plurality of toilets comprise an ultrasonic sensor located on an exterior of a bowl of each
toilet, the ultrasonic sensor configured to detect bowl contents,

the plurality of toilets comprise an infrared sensor located on a flush valve assembly of each
toilet, the infrared sensor configured to detect a usage time of each toilet,

the control system is configured to collect bowl contents data from the ultrasonic sensor, and to
collect usage time data from the infrared sensor, and

the control system is configured to instruct a high volume flush or a low volume flush based on

both the bowl contents data and the usage time data.

2. The connected system according to claim 1, wherein the connected system comprises a plurality
of toilets, a plurality of urinals, and a plurality of faucets, and wherein the one or more sensors comprise

one or more ultrasonic sensors, one or more infrared sensors, and one or more capacitive sensors.

3. The connected system according to claim 1, wherein the connected system comprises a plurality
of toilets, a plurality of urinals, and a plurality of faucets, and wherein the one or more sensors comprise
one or more ultrasonic sensors, one or more infrared sensors, one or more capacitive sensors, and one or

more flow sensors.

4. The connected system according to claim 1, wherein the connected system comprises a plurality

of toilets, a plurality of urinals, and a plurality of faucets, and wherein the one or more sensors comprise
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one or more ultrasonic sensors, one or more infrared sensors, one or more capacitive sensors, and one or

more pressure Sensors.

5. The connected system according to claim 1, wherein the control system is configured to initiate
an action based on the status; or wherein a technician may initiate an action via the computing device; or
wherein the computing device comprises a desktop computer, a laptop computer, mobile device, or

combinations thereof.

6. The connected system according to claim 1, wherein the status is selected from a clog event, a
leak detection, an angle stop position, battery life, water pressure, sanitaryware fixture usage, water level,
line clog, bowl contents, and combinations thereof, and wherein the control system is configured to

initiate an action based on the status.

7. The connected system according to claim 6, wherein the action is selected from instructing a flush
valve to open, instructing a flush valve to close, instructing the high volume flush, instructing the low
volume flush, initiating a service ticket, self-diagnosis of a clog, adjusting a duration a valve remains
open, adjusting a valve position, monitoring usage of a bathroom, instructing an angle stop to close,

sending a message to a technician, and combinations thereof.

8. The connected system according to claim 1, wherein the one or more controllers are configured to
communicate with a cloud/server via the gateway; optionally wherein the cloud/server is configured to
send instructions to a controller of the one or more controllers via the gateway, and the controller is

configured to initiate a sanitaryware action in response.

9. The connected system according to claim 8, wherein the computing device or the cloud/server is
configured to send instructions to a controller of the one or more controllers based on programmed

instructions and/or data stored on the computing device or the cloud/server.

10. The connected system according to claim 1, wherein the computing device is configured to

communicate with a cloud/server.

11. The connected system according to claim 10, wherein the computing device is configured to
receive instructions from the cloud/server and to send instructions to a controller of the one or more

controllers, and wherein the controller is configured to initiate a sanitaryware action in response.
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12. The connected system according to claim 10, wherein the computing device or the cloud/server is
configured to send instructions to a controller of the one or more controllers based on programmed

instructions and/or data stored on the computing device or the cloud/server.

13. The connected system according to claim 1, wherein the computing device is configured to send
instructions to a controller of the one or more controllers, and the controller is configured to initiate a
sanitaryware action in response; or wherein the control system is configured to analyze, aggregate, store,
and log the data; or wherein the control system comprises a dashboard having visual modules and
configured to monitor, display, and analyze the data; or wherein the control system is configured to
monitor data selected from historical data, performance over time, bathroom traffic, faucet or sink usage,
sanitaryware usage, and combinations thereof; or wherein the control system is configured to provide a
daily, monthly, or yearly status of an individual sanitaryware fixture or of the plurality of sanitaryware
fixtures; or wherein the control system is configured to allow a technician to monitor the status of the

sanitaryware fixtures remotely with the computing device.

14. The connected system according to claim 1, wherein the control system is configured to initiate

an action based on the status, external data, or a combination thereof.
15. The connected system according to claim 14, wherein the control system is configured to initiate
an action based on the external data or a combination of the status and the external data, and wherein the

external data is data from weather services, date and time management services, or in-line flow meters.

16. The connected system according to claim 1, wherein the ultrasonic sensor is located on an

exterior bottom center of the bowl of each toilet.
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