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ABSTRACT OF THE DISCLOSURE

An electronic faucet is provided that includes a spout having a passageway configured
to conduct fluid flow through the spout, an electrically operable valve coupled to the
passageway, and a capacitive sensor coupled to the faucet. A controller may dynamically

change on/off thresholds and monitor a stability signal to determine when to turn oft the

electrically operable valve.
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FAUCET INCLUDING A CAPACITANCE BASED SENSOR

BACKGROUND AND SUMMARY

{0002] The present disclosure relates generally to electronic faucets. More
particularly, the present disclosure relates to capacitive sensing systems and methods for

operating a faucet.

[0003] Electronic faucets are often used to control fluid flow. Some electronic faucets
inciude proximity sensors such as active infrared ("IR") proximity detectors or capacitive
proximity sensors {0 control operation of the faucet. Such proximity sensors are used to detect
a user's hands positioned near the faucet and to automatically start fluid flow through the
faucet in response to detection of the user's hands. Other electronic faucets use touch sensors
to control the faucet. Such touch sensors may include capacitive touch sensors or other types
of touch sensors located on a spout or on a handle of the faucet for controlling operation of the

faucet. Electronic faucets may also include separate touch and proximity sensors.

[0004] The present disclosure relates to a faucet including a capacitance based sensor.
Capacitance by nature changes due to environmental factors of the faucet system, including
mstallation, water conductivity, and age. For example, capacitance readings may change based
upon the location of conductive items (such as soap dishes, cleaning utensils, toiletry items,
and cooking items, for example) near the faucet and/or deposits (such as minerals or soap
scum, for example) on the faucet itself. The changes in capacitance due to environmental

factors may cause operational problems, such as causing the faucet to not turn on, to stay on,

or to oscillate between off and on, for example.
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[0005] In one embodiment, the system of the present disclosure is configured to
provide consistent and reliable on/off control of the faucet throughout the life of the product.
[0006] According to an illustrative embodiment of the present disclosure, the system
includes a controller configured to dynamically change the on/off thresholds of the faucet to
account for capacitance changes due to environmental factors and to monitor signal stability to
determine when to turn on and when to turn off the faucet.

[0007] According to another illustrative embodiment of the present disclosure, the
system deviates from the conventional method of on/off control. A conventional method may
include fixed thresholds, one threshold for turning the faucet off and another threshold for
turning the faucet on. An illustrative system of the present disclosure changes these thresholds
dynamically and uses the stability of the signal to determine when to turn off the faucet.

[0008] According to an illustrative embodiment of the present disclosure, an electronic
faucet is provided comprising a spout having a passageway configured to deliver fluid through
the spout. The faucet further includes an electrically operable valve positioned 1n the
passageway and a capacitive sensor coupled to the faucet. A controller is in electrical
communication with the capacitive sensor and defines a threshold. The capacitive sensor is
configured to send a signal to the controller. The controller is configured to open the valve
when a measure of the signal reaches the threshold and to adjust the threshold in response to at
least one environmental factor.

[0009] According to another illustrative embodiment of the present disclosure, an
electronic faucet is provided comprising a spout having a passageway configured to deliver
fluid through the spout. The faucet further includes an electrically operable valve positioned m
the passageway and a capacitive sensor coupled to the faucet and defining a detection area. A
controller is in electrical communication with the capacitive sensor. The controller 1s
configured to maintain the valve in an open position when an object 1s moving within the
detection area.

[0010] According to yet another illustrative embodiment of the present disclosure, a
method of controlling an electronic faucet is provided. The method includes the step of

providing a faucet including a spout having a passageway configured to deliver fluid through
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the spout. A valve is positioned in the passageway, and a capacitive sensor 1s coupled to the
faucet. The method includes the steps of detecting a signal provided with the capacitive sensor
and comparing a measure of the signal with a threshold. The method further includes the steps
of opening the valve when the measure of the signal reaches the threshold, and adjusting the
threshold in response to at least one environmental factor.

[0011] According to still another illustrative embodiment of the present disclosure, a
method of controlling an electronic faucet is provided. The method includes the step of
providing a faucet including a spout having a passageway configured to deliver fluid through
the spout. A valve is positioned in the passageway, and a sensor is coupled to the faucet. The
sensor defines a detection area. The method includes the steps of positioning the valve m an
open position and detecting movement of an object in the detection area based on a signal
provided with the sensor. The method further includes the step of maintaining the valve in the
open position when the movement of the object 1s detected in the detection area.

[0012] Additional features and advantages of the present invention will become
apparent to those skilled in the art upon consideration of the following detailed description of
the illustrative embodiment exemplifying the best mode of carrying out the invention as

presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The detailed description of the drawings particularly refers to the accompanying
figures 1n which:

[0014] FIG. 1 is a block diagram illustrating an exemplary electronic faucet including a
capacitive sensor;

[0015] FIG. 2 is a flowchart illustrating an exemplary operation of a capacitive sensing
system and method;

[0016] FIGS. 3A, 3B, and 3C are flowcharts llustrating the detailed operation of the

capacitive sensing system and method of FIG. 2; and
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[0017] FIG. 4 is a graph of an exemplary output signal of the capacitive sensor of FIG.

1 illustrating changes in the output signal upon the detection of an object moving in a detection

zone of the capacitive sensor.

DETAILED DESCRIPTION OF THE DRAWINGS

[0018] For the purposes of promoting an understanding of the principles of the present
disclosure, reference will now be made to the embodiments illustrated in the drawings, which
are described herein. The embodiments disclosed herein are not intended to be exhaustive or
to limit the invention to the precise form disclosed. Rather, the embodiments are chosen and
described so that others skilled in the art may utilize their teachings. Therefore, no limitation
of the scope of the claimed invention is thereby intended. The present invention includes any
alterations and further modifications of the illustrated devices and described methods and
further applications of the principles of the invention which would normally occur to one
skilled 1n the art to which the invention relates.

[0019] Referring to FIG. 1, a block diagram of an electronic faucet system 10 1s
illustrated according to one embodiment of the present disclosure. The electronic faucet
system 10 includes a spout 12 having a passageway for delivering fluids such as water, for
example, and at least one manual valve handle 14 for controlling the flow of fluid through the
passageway of spout 12. A valve body assembly 20 is positioned in the passageway of spout
12 and is coupled to a hot water source 16 and a cold water source 18. In the illustrated
embodiment, the passageway of spout 12 includes all fluid passages between the hot and cold

water sources 16, 18 and the output of spout 12. Manual valve handle 14 manipulates valve

body assembly 20 to control the flow of fluid from the hot and cold water sources 16, 13
through valve body assembly 20. In one illustrated embodiment, a separate manual valve
handle 14 is provided for each of the hot and cold water sources 16, 18. In other
embodiments, such as a faucet system 10 for a kitchen, for example, a single manual valve
handle 14 is used for both hot and cold water delivery. In one kitchen embodiment, manual

valve handle 14 and spout 12 are coupled to a basin through a single hole mount.
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[0020] As illustrated in FIG. 1, an output of valve body assembly 20 1s coupled to an
actuator driven valve 22 which is controlled electronically by input signals provided by a
controller 24. As such, manual valve handle 14 controls the fluid flowing from the hot and
cold water sources 16, 18 to the input of actuator driven valve 22, and controller 24 controls
the fluid flowing from the input of actuator driven valve 22 to spout 12. In the illustrated
embodiment, controller 24 is configured to open and close valve 22 to turn on and off the fluid
flow between valve body assembly 20 and spout 12. In another embodiment, controller 24 1s
further configured to proportionally control valve 22 to adjust the flow rate of the fluid flowing
to spout 12. In an illustrative embodiment, actuator driven valve 22 is an electrically operable
valve, such as a solenoid valve, and more particularly a magnetically latching pilot-controlled
solenoid valve, for example.

[0021] As illustrated in FIG. 1, controller 24 is coupled to and powered by a power
supply 21. In one embodiment, power supply 21 is a building power supply and/or a battery
power supply. Controller 24 includes software stored in a memory and containing instructions
for controlling valve 22.

[0022] In an alternative embodiment, hot water source 16 and cold water source 138 are
connected directly to actuator driven valve 22 to provide a fully automatic faucet without any
manual controls. In yet another embodiment, controller 24 further controls an electronic
proportioning or mixing valve (not shown) coupled to the hot and cold water sources 16, 18 to
supply fluid to spout 12 from hot and cold water sources 16, 18. Similar to valve body

assembly 20, the electronic proportioning valve, coupled between valve 22 and the hot and

cold water sources 16, 18, is adjusted to control the mixture of hot and cold water and thus the
temperature of the water flowing through spout 12. Faucet system 10 may further include a
temperature sensor in fluid communication with the output of the proportioning valve to
provide feedback to controller 24 for use in controlling the water temperature.

[0023] Because actuator driven valve 22 is controlled electronically by controller 24,
the flow of water can be controlled using an output from a sensor, such as a proximity sensor
and/or a touch sensor, for example. In the illustrated embodiment, a capacitive sensor 26 1s 1n

communication with controller 24 for providing signals to controller 24 indicating the
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detection of an object (e.g. a user's hands) near or on spout 12. Other suitable sensors may be
provided for detecting an object near faucet 10. As illustrated, an electrode 25 of capacitive
sensor 26 is coupled to spout 12, and an output from capacitive sensor 26 is coupled to
controller 24. Electrode 25 may be positioned in other suitable areas of faucet system 10 for
detecting the presence of a user's hands. In the illustrative embodiment, capacitive sensor 26
and electrode 25 are used for both touch and hands free operation. In the hands free mode of
operation, capacitive sensor 26 and controller 24 detect a user's hands or other object within a
detection area 27 located near spout 12. In one embodiment, detection area 27 mcludes the
water stream and the area immediately surrounding the water stream. Detection area 27 may
be expanded to other areas depending on the location and sensitivity of capacitive sensor 26.
In the touch mode of operation, capacitive sensor 26 and controller 24 detect a user's hands or
other object upon contact with a surface of spout 12. Capacitive sensor 26 may alternatively
operate solely as a touch sensor or a proximity sensor. An exemplary capacitive sensor 26 1s a
CapSense capacitive sensor available from Cypress Semiconductor Corporation, although
other suitable capacitive sensors may be used.

[0024] In the illustrative embodiment of FIG. 1, with actuator driven valve 22 opened,
faucet system 10 is operated in a conventional manner, i.e., in a manual control mode through
operation of handle(s) 14 and the manual valve member(s) of valve body assembly 20.
Conversely, with actuator driven valve 22 closed and the manually-controlled valve body
assembly 20 set to select a water temperature and flow rate, the fluid flow is blocked with

valve 22. To turn on the faucet assembly 10, actuator driven valve 22 is activated by

controller 24 when a proximity sensor, such as capacitive sensor 26, detects an object (such as
a user's hands) within detection zone or area 27 to thereby toggle water flow on and off.
Alternatively or additionally, actuator driven valve 22 may be touch controlled using a touch
sensor, such as capacitive sensor 26, to toggle water flow on and off. Further manual
adjustment of the water temperature and flow rate may be provided after opening the actuator
driven valve 22 by manipulating handle 14.

[0025] In one embodiment, controller 24 converts the output of capacitive sensor 26

into a count value. In the illustrated embodiment, an increased capacitance detected with



CA 02751817 2014-07-09

-7

sensor 26 results in an increascd count value, and a decreased capacitance detected with sensor
26 results in a decreased count value. See, for example, sensor output signal 302 illustrated in
FIG. 4 and described herein.

[0026] As described herein, the output signal from capaciiive sensor 26 is illustratively
used 1o control actuator driven valve 22 which thereby controls the flow of water to the spout
12 from the hot and cold water sources 16 and 18. By sensing capacitance changes with
capacitive sensor 26, controller 24 is configured to make logical decisions to control different
modes of operation of system 10 such as changing between a manual mode of operation and a
hands {ree mode of operation as described in U.S. Patent No, 7,537,023; U.S. Patent
No0.7,690,395; U.S. Patent No. 7,150,293; U.S. Patent No. 7,977,301; and PCT International
Application Publication Nos. WO2008/694651 and WQOQ2009/075858.

[0027] The amount of fluid flowing from hot water source 16 and cold water source 18

1s determined based on one or more user inputs, such as desired tluid temperature, desired {luid
flow rate, desired fluid volume, various task based inputs, various recognized presentments,
and/or combinations thereof. As described herein, the control of {luid may be provided manually
with manual valve handle 14 or electronically with controller 24. As discussed herein, the system
10 may include an electronically confrolled mixing valve that is in fluid communication with
both hot water source 16 and cold water source 18 and is controlled with controller 24.
Exemplary clectronically controlled mixing valves are described in U.S, Patent No. 7,458,520
and PCT International Publication No. W(Q2007/0823301. In onc embodiment, both manual
valve handle 14 and controller 24 may be configured to control the mixing valve. Exemplary
user inputs for controlling fluid flow include the position of manual valve handle 14, sensor
feedback (c.g. tempcerature, flow rate, flow volume, ctc.), and other suitable inputs.

(0028] In an illustrative embodiment, an operator of the electronic faucet 10 can
selectively enable or disable the proximity detector (e.g. capacitive sensor 26) using a mode
selector switch 28 coupled to controller 24, Upon disabling the proximity detector, the hands

frec and/or touch mode of faucet assembly 10 is disabled, and actuator driven valve 22 is



CA 02751817 2014-07-09

opened to allow full control with manual handle 14. An exemplary mode selector switch 238
includes a pushbulton, a toggle switch, or another suitable user input. In one embodiment,
faucet 10 includes an indicator 29 controlled by controller 24 to provide a visual or audio
indication when the electronic faucet 10 is in the hands free and/or touch mode, An exemplary
indicator 29 includes an LED or other light source or audible device positioned near faucet
assembly 10.

10029] In one embodiment, the hands free/touch mode is also configured to be enabled
or disabled using a series of touches of spout 12 and/or handle 14. In the illustrated
embodiment, spout 12 is coupled to a faucet body hub 13 through an insulator 13, In one
embodiment, faucet body hub 13 is electrically coupled to manual valve handle 14. Theretore,
insulator 15 electrically isolates spout 12 from faucet body hub 13 and handle 14, In this
illustrated embodiment, clectrode 25 is directly coupled to spout 12 and capacitively coupled 10
handle 14 so that capacitive sensor 26 and controller 24 may determine whether the spout 12 or
manual valve handle 14 is touched by a user based on the difference in the capacitance level of
sensor 26 as illustrated, for example, in PCT International Publication No. W02(08/088534.

As such, controller 24 may be programmed to disable or enable the hands free and touch mode,
or to switch between the hands free mode and the touch mode, based on the number, duration,
and/or location of touches applied to spout 12 and handle 14.

{00630} An illustrative embodiment of the hands free/touch mode of operalion 1s
method 200 illustrated in FIGS. 2-3C. FIG. 2 illustrates the major components or sub-routines
of the method 200, including functional blocks 210, 250, 260, 270, and 280. F1GS. 3A-3C
illustrate the steps of each sub-routine of FIG, 2. Reference is made to faucet assembly 10 of
FIG. 1 throughout the description of FIGS. 2-3C. As described herein, method 200 illustratively

adapts operation of faucet assembly 10 by automatically adjusting appropriate on/off thresholds

of valve 22 to account for variations in environmental factors. Method 200 further permits
continuous water flow as long as an object is detected within detection arca 27, such as in the

water stream, of faucet assembly 10.
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[0031] With further reference to FIGS. 2 and 3A, the illustrative method 200 begins at
the Get and Process Data functional block 210 where controller 24 illustratively executes an
algorithm provided in software stored in the memory of controller 24. As described herein, in
the Get and Process Data functional block 210 controller 24 determines the stability of the
signal from capacitance sensor 26 and detects the presence of an object (i.e., the user's hands)
in the detection area 27 (FIG. 1) or water stream.

[0032] At Block 212 of FIG. 3A, controller 24 grabs new data, 1.€., a new
measurement/sample, from capacitance sensor 26. In the illustrated embodiment, the data
acquired from sensor 26 at Block 212 is a count value that is proportional to the detected
capacitance, as described herein. The new data from sensor 26 is averaged with previously
acquired data from sensor 26 to generate a rolling average of data from sensor 26 (AvgData).
In one embodiment, the previously acquired data is the immediately preceding
measurement/sample from sensor 26. Alternatively, the previously acquired data may be
several preceding measurements/samples from sensor 26. The new data from sensor 26 and
the current rolling average AvgData is stored in the memory of controller 24. At Block 214,
controller 24 subtracts the previously calculated average data (PrevAvgData) from the new
average data (AvgData). PrevAvgData is illustratively the calculated rolling average from the
previous execution of method 200. For example, PrevAvgData is the average of the previous
two or more samples acquired from sensor 26 prior to acquiring the new data from sensor 26
at Block 212. The calculated difference (SignalChange) at Block 214 is a measure of how
much the signal from sensor 26, illustratively the measured capacitance, has changed from one
sample to another.

[0033] If the change or variation of the signal from sensor 26 falls within a
predetermined "noise" range or threshold, a Stability Counter is incremented by controller 24.
The Stability Counter counts the number of consecutive instances that the difference between
the previous two rolling average measurements (PrevAvgData and AvgData) falls within the
predefined noise threshold or range. If the Stability Counter reaches a predetermined value

during the execution of method 200, controller 24 determines that the signal from sensor 26 1s
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"stable." A "stable" signal from sensor 26 illustratively indicates that little or no motion ofa
user's hands or other object has been detected by sensor 26.

[0034] Referring to FIG. 3A, at decision Block 216 the controller 24 determines if the
calculated signal change (SignalChange) is less than a signal noise limit (NoiseMaxThreshold).
Signal noise is generated, for example, by the motion of a user's hands in proximity to
capacitive sensor 26 (for example, in detection area 27 or the water stream of the faucet). In
one illustrative embodiment, the noise limit is predefined as a 20 percent change in the signal
value from sensor 26, although other suitable percent changes could be used to define the noise
limit. If the signal change (SignalChange) is less than the noise limit (NoiseMaxThreshold),
controller 24 determines at Block 218 if the Stability Counter is greater than a predetermined
value (Stability Value). In the illustrated embodiment, the Stability Value 1s a predetermined
counter value equal to the number of SignalChange calculations that are performed by
controller 24 in about one second of elapsed time. In other words, the Stability Value 1s
illustratively equal to the number of iterations of method 200 that are performed in about one
second. As such, when the Stability Counter exceeds the Stability Value (i.e., when the signal
change is less than the noise limit for about one second), the signal from sensor 26 1s
determined to be stable, thereby indicating that minimal or no motion is detected in detection
zone 27. Other suitable values for the Stability Value may be used. For example, the Stabihty
Value may correspond to the number of iterations of method 200 that are performed in about
three seconds, five seconds, ten seconds, or other suitable periods for determining that the

capacitive signal is stable. As described herein, a determination by controller 24 of a "stable”

signal from sensor 26 is configured to close valve 22 under some operating conditions.

[0035] If the Stability Counter is not greater than the Stability Value at Block 218, the
process continues to Block 220, where the Stability Counter is incremented by 1. 1f the
Stability Counter is greater than the Stability Value at Block 218, then the Stability Counter 1s
reset to zero and a Signal Stability Flag is set to Stable at Block 222. In other words, when the

Stability Counter exceeds the predetermined Stability Value, the signal from sensor 26 is
determined to be "stable" at Block 222. By resetting the Stability Counter to zero at block
222, controller 24 is illustratively configured to periodically reset the Signal Stability Flag
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whenever the Stability Counter again exceeds the Stability Value, thereby continuously
monitoring the stability of the signal.

[0036] If the calculated signal change (SignalChange) exceeds the noise lumit
(NoiseMax Threshold) at Block 216, the signal from sensor 26 is determined to be noisy at
Block 224, i.e., motion is detected in detection zone 27. Controller 24 sets the Signal Stability
Flag to "Noisy" at Block 224. In addition, the Stability Counter is reset to zero to restart the
signal stability determination, and a Noisy Counter is incremented by 1. The Noisy Counter
illustratively counts the number of consecutive instances that the signal change (SignalChange)
between the previous two rolling average measurements (PrevAvgData and AvgData) falls
outside the predefined noise threshold (NoiseMaxThreshold). In one embodiment, controller
24 monitors the duration that the signal from sensor 26 is identified as "noisy"” based on the
Noisy Counter.

[0037] In addition to determining the stability of the signal from sensor 26, controller
24 also detects the presence of an object in detection zone 27 by comparing the capacitance
level from sensor 26 to threshold values. When the detected capacitance level reaches or
crosses a threshold level, an object is determined to be present in detection zone 27. Referring
to FIG. 3A, if valve 22 is currently closed at Block 226 to block fluid flow, controller 24
compares the averaged data (AvgData) obtained at Block 212 to an open or "on" threshold
value (OpenThreshold), as illustrated at Block 228. If the averaged data (AvgData) 1s greater
than the open threshold value (OpenThreshold), controller 24 sets the Object Present Flag to
"true" to indicate that an object is detected in detection zone 27. If the averaged data
(AvgData) is less than or equal to the open threshold value (OpenThreshold), the Object
Present Flag is set to "false” to indicate that an object is not detected in detection zone 27. As
such, when the capacitance level detected with sensor 26 exceeds the predetermined threshold
(OpenThreshold) and valve 22 is closed, controller 24 determines that an object, such as a
user's hand, 1s 1n detection zone 27.

[0038] Similarly, if valve 22 is currently open at Block 230, controller 24 compares the
averaged data (AvgData) from sensor 26 to a close or "off" threshold value (CloseThreshold),
as illustrated at Block 232. Ifthe averaged data (AvgData) is less than the close threshold
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value (CloseThreshold) at Block 232, the Object Present Flag is set to "false" at Block 236 to

indicate that an object is not detected in detection zone 27. If the averaged data (AvgData) is

greater than or equal to the close threshold value (CloseThreshold) at Block 232, the Object
Present Flag is set to "true" at Block 240 to indicate that an object is detected in detection
zone 27. As such, once valve 22 is open, controller 24 sets a flag (Object Present Flag)
indicating that an object, such as a user's hand, is in detection zone 27 when the capacitance
level detected with sensor 26 exceeds the predetermined threshold (CloseThreshold). In the
illustrated embodiment, the open and close thresholds at Blocks 228 and 232 are
predetermined count values.

[0039] In the illustrative embodiment of FIGS. 3A and 4, an object is considered to be
present in detection zone 27 if the magnitude of the signal from sensor 26 (e.g., signal 302 of
FIG. 4) is greater than the open or "on" threshold (OpenThreshold of FIG. 3A, line 304 of
FIG. 4) when valve 22 is closed or when the magnitude of the signal is greater than the close
or "off" threshold (CloseThreshold of FIG. 3A, line 306 of FIG. 4) when valve 22 1s open. In
the illustrated embodiment, the threshold value to keep valve 22 open (CloseThreshold) 1s
greater than the threshold value to open valve 22 when valve 22 is closed (OpenThreshold).
As described herein, the stability of the signal from sensor 26, in addition to the
CloseThreshold, is further considered in determining when to close valve 22.

[0040] The CloseThreshold and OpenThreshold are illustratively count values that
correspond to capacitance levels detected with sensor 26. As described herein, the
CloseThreshold and OpenThreshold are illustratively determined based on the steady state
capacitance signal provided with sensor 26. For example, the CloseThreshold and
OpenThreshold are adjusted continuously or periodically based on the detected capacitance
level when valve 22 is closed and when the capacitance signal is determined to be "stable," as

described herein. In one exemplary embodiment, the CloseThreshold 1s about 100 counts

greater in value than the OpenThreshold, although other suitable differences may be provided
between CloseThreshold and OpenThreshold. An exemplary OpenThreshold is about 350
counts, and an exemplary CloseThreshold is about 450 counts. In one embodiment, the

OpenThreshold is set to differ from the steady state capacitance signal by a predetermmned
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count value. For example, the OpenThreshold may be set to 50 counts greater than the
capacitance level detected with sensor 26 when faucet 10 is in a steady state condition.
Alternatively, the OpenThreshold may be set to deviate from the steady state capacitance
signal by a predetermmed percéntage, and the CloseThreshold may be set to deviate from the
OpenThreshold by a predetermined percentage.

[0041] In one embodiment, the OpenThreshold includes a first predetermined range of
values, and the CloseThreshold includes a second predetermined range of values. As such,
controller 24 compares a measure of the signal provided with sensor 26 with each range ot
values to determine if an object is detected in detection area 27 and to determine when to
open/close valve 22. For example, at block 228, if the averaged data (AvgData) falls outside
the first predetermined range, controller 24 sets the Object Present Flag to "true" at block 234.
If the averaged data (AvgData) falls within the first predetermined range, the Object Present
Flag is set to "false" at block 238. Similarly, at block 232, if the averaged data (AvgData) falls
outside a second predetermined range, controller 24 sets the Object Present Flag to "true” at
block 240. If the averaged data (AvgData) falls within the second predetermined range, the
Object Present Flag is set to "false" at block 236. In one embodiment, the second
predetermined range of values of the CloseThreshold is greater than the first predetermined
range of values of the OpenThreshold. Further, the first and second predetermined ranges
illustratively include count values representative of a measure of capacitance. For example, the
first predetermined range of the OpenThreshold includes count values between zero and a first

threshold count value, the second predetermined range of the CloseThreshold mcludes count

values between zero and a second threshold count value, and the second threshold count value
is greater than the first threshold count value. In one embodiment, the second threshold count
value is about 100 counts greater than the first threshold count value. Other suitable
predetermined ranges and other differences between the first and second threshold count
values may be provided.

[0042] With reference to FIGS. 2 and 3B, the illustrative method 200 continues at the
Criteria to Change Threshold functional block 250. As described heremn, controller 24 1s
configured to modify the on/off thresholds (OpenThreshold and CloseThreshold) of valve 22 it
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the signal from sensor 26 is stable and valve 22 is closed, i.e., when faucet 10 is m a steady
state condition. In one embodiment, controller 24 modifies the on/off thresholds due to a
change in the environmental conditions of faucet 10, such as a buildup of soap scum on taucet
10 or the presence of a soap dish or other objects near faucet 10, for example, that affect the
capacitance level detected with sensor 26. For example, a buildup of soap on the faucet 10 or
the presence of a soap dish near faucet 10 may cause the capacitance level detected with sensor
26 to increase or decrease regardless of the presence of a user's hands in detection zone 27.

As such, a stable signal from sensor 26 may have an increased or decreased magnitude due to
the environmental changes of faucet 10. In the illustrated embodiment, controller 24 1s
configured to adjust the on/off thresholds based on the detected steady state signal from sensor
26 and at least one predefined offset, as described herein.

[0043] Referring to Block 252 of FIG. 3B, if the signal from sensor 26 is determined to
be stable (based on the Signal Stability Flag) and valve 22 is closed, controller 24 determines
that faucet 10 is in a steady state condition and proceeds to blocks 254, 256, and 258 to
modify the on/off thresholds. Controller 24 may alternatively be configured to modify the
on/off thresholds under other conditions, such as when valve 22 is open, for example. As
described herein, the on/off thresholds are modified by adding an offset to each threshold. In
one embodiment, the offset(s) are predetermined and stored in the memory of controller 24. In
another embodiment, the offset(s) are adjusted automatically with controller 24 or manually
based on the environmental conditions of faucet 10.

[0044] At Block 254, controller 24 acquires new data, i.e., a new capacitance
measurement/sample, from capacitance sensor 26. In the illustrated embodiment, the new data
acquired at Block 254 is the same new data acquired at Block 212 of FIG. 3A, although
additional new data may be acquired. As with Block 212, the new data from sensor 26 1s
averaged with previously acquired data from sensor 26 to generate a rolling average of data
from sensor 26 (AvgData) at Block 254. The previously acquired data includes one or more
immediately preceding measurement/samples from sensor 26. In the illustrated embodiment,
the rolling average AvgData calculated at Block 254 is the same rolling average AvgData
calculated at Block 212.
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[0045] At Blocks 256 and 258, the on/off thresholds for valve 22 are modified. At
Block 256, the open or "on" threshold OpenThreshold is set to the sum of the calculated
rolling average (AvgData) and a first predetermined offset (First Offset). At Block 258, the
close or "off" threshold is set to sum of the modified OpenThreshold and a second
predetermined offset (Second Offset). As such, the First Offset represents the difference
between the detected average capacitance level (AvgData) and the OpenThreshold, and the
Second Offset represents the difference between the OpenThreshold and the CloseThreshold.
In one embodiment, the offset valves (First Offset and Second Offset) are determined during
periodic system calibrations and are stored in the memory accessible by controller 24. In one
exemplary embodiment, the Second Offset is equal to about 100 counts, as described herein,
although other values of the Second Offset may be provided for setting the difference between
CloseThreshold and OpenThreshold. In the illustrated embodiment, the Second Offset is
greater than the First Offset, although the Second Offset may alternatively be less than or equal
to the First Offset. Exemplary values of First Offset are 20 counts, 50 counts, or 75 counts,
although other suitable values may be provided for the First Otfset.

[0046] Following the Criteria to Change Thresholds functional block 250, method 200
proceeds to the Criteria to Turn On the Valve functional block 260 to set a flag for turning on
or opening valve 22 when an object is detected in detection zone 27. Referring to Block 262
of FIG. 3B, controller 24 determines if an object is present based on the Object Present Flag
set at functional block 210 of FIG. 3A, i.e., based upon AvgData being greater than the
OpenThreshold at Block 228 or the CloseThreshold at Block 232. 1f an object 1s present based

on the Object Present Flag and valve 22 is currently closed, controller 24 sets an OpenkF lag to
"true" at Block 264 of FIG. 3C.

[0047] If an object is determined to be not present based on the Object Present Flag or
if valve 22 is currently open at Block 262, controller 24 proceeds to the Criteria to Turn Oft
the Valve functional block 270 of FIG. 3C to determine whether to close valve 22. At
functional block 270, controller 24 is configured to set a flag to close valve 22 if the valve 22 1s
open, the signal from sensor 26 is stable, and an object is not detected in detection zone 27.

As such, if valve 22 is open and the signal from sensor 26 is determined to be "noisy,"
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controller 24 illustratively does not close valve 22 even if an object is not detected in detection
zone 27. In particular, if valve 22 is open and the signal from sensor 26 is stable (based on the
Signal Stability Flag) at Block 272, controller 24 determines if an object is present based on the
Object Present Flag set at functional block 210. If an object is determined to not be present 1n
detection zone 27 based on the Object Present Flag (i.e., based upon AvgData being less than
the CloseThreshold at Block 232 or the OpenThreshold at Block 228), and if the signal from
sensor 26 is "stable" and valve 22 is open, controller 24 sets a CloseFlag to "true" at Block 274
of FIG. 3C.

[0048] Following functional blocks 260 and 270 of FIG. 3C, method 200 continues to
the Valve Handler functional block 280 illustrated in FIGS. 2 and 3C to either open or close
valve 22. More particularly, controller 24 opens valve 22 at Block 282 upon the Openk lag
being set to "true" at Block 264. Similarly, controller 24 closes valve 22 at Block 282 upon
the CloseFlag being set to "true" at Block 274.

[0049] FIG. 4 illustrates a representative capacitive sensing signal 302 received by
controller 24 from capacitive sensor 26. The signal 302 is plotted such that time (illustratively
in seconds) is represented in the horizontal direction (X axis) and the sensor output
(illustratively in counts) is represented in the vertical direction (Y axis). The open or "on"
threshold (OpenThreshold) is represented by line 304, and the close or "off" threshold
(CloseThreshold) is represented by line 306. As illustrated, close threshold 306 1s positioned
above the open threshold 304, indicating that valve 22 is configured to close at a greater
magnitude of signal 302 than the magnitude of signal 302 required to open valve 22. As such,
the close threshold 306 requires the user to be closer, and in some cases touching, faucet 10 in
order for signal 302 to stay above the close threshold 306. As described herein, the open and
close thresholds 304, 306 are dynamically changed by controller 24 based on the environmental
conditions of faucet 10.

j0050] Referring to FIG. 4, capacitance signal 302 is below the open threshold 304
between times t, and t,, indicating that an object is not detected in detection zone 27. As such,
valve 22 of faucet 10 is closed. At time t;, signal 302 exceeds the open threshold 304,

indicating that an object is detected in detection zone. As such, valve 22 is opened at time t, to
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supply water to spout 12. Between times t, and t,, controller 24 determines that the signal is
"noisy"” based on functional block 210 of the method 200 described herein. Since signal 302 is
apove the open threshold 304 and noisy, valve 22 remains open despite signal 302 being below
the close threshold 306. At time t3, signal 302 exceeds the close threshold 306, and thus valve
22 remains open regardless of whether signal 302 is noisy or stable. For example, signal 302
may exceed the close threshold 306 when the user touches spout 12, Between times t3 and {4,
signal 302 is again above the open threshold 304 but below the close threshold 306. Valve 22
remains open between times 1 and t4 because controller 24 determines the signal 302 to be
noisy. Beginning at time 14, signal 302 remains below the close threshold 306, but controller 24
determines signal 302 to be stable. As such, controller 24 closes valve 22 at time {4 to block
water from flowing through spout 12 duc to signal 302 being both stable and less than the close
threshold 306.

{0081] U.S. Patent Application Publication No. 2010/0108165; U.S. Patent

Application Publication No. 2010/0170570; and U.S, Patent No. 8,561,626.

[0052] Although the invention has been described in detail with reference to certain
preferred embodiments, the scopc of the claims should not be limited by the preferred

embodiments sct forth in the examples but should be given the broadest interpretation

consistent with the description as a whole.
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CLAIMS:
1. An electronic faucet comprising:

a spout having a passageway configured to deliver fluid through the spout;

an electrically operable valve positioned in the passageway;

a capacitive sensor coupled to the faucet; and

a controller in electrical communication with the capacitive sensor and defining
a threshold, the capacitive sensor being configured to send a signal to the controller, the
controller being configured to open the valve when a measure of the signal reaches the
threshold and to adjust the threshold in response to at least one environmental factor.

2. The faucet of claim 1, wherein the controller defines a first threshold and a
second threshold greater than the first threshold, and the controller is configured to open the
valve when the measure of the signal exceeds the first threshold.

3. The faucet of claim 2, wherein the controller is configured to maintain the valve
in an open position when the measure of the signal exceeds the second threshold.

4. The faucet of claim 2, wherein the controller is configured to maintain the valve
in an open position when the measure of the signal is between the first threshold and the
second threshold and when a noise level of the signal exceeds a threshold noise level.

5. The faucet of claim 2, wherein the controller is configured to adjust at least one
of the first threshold and the second threshold in response to the at least one environmental
factor, the adjusted second threshold being based on the adjusted first threshold.

6. The faucet of claim 1, wherein the controller 1s configured to adjust the
threshold upon at least one of the valve being closed and the signal being stable.

7. The faucet of claim 6, wherein the controller determines the signal 1s stable
when a detected variation of the signal 1s within a predetermined range.

8. The faucet of claim 1, further including a manually operable valve positioned 1n
the passageway and a handle coupled to the manually operable valve and configured to control
the manually operable valve, wherein the manually operable valve is configured to control at

least one of the temperature and flow rate of the fluid delivered through the spout.
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9. The faucet of claim 1, wherein the at least one environmental factor 1s detected
based on the measure of the signal.

10.  The faucet of claim 1, wherein the controller adjusts the threshold based on the
measure of the signal and an offset value.

11.  The faucet of claim 1, wherein the capacitive sensor includes an electrode
coupled to the spout.

12.  An electronic faucet comprising:

a spout having a passageway configured to deliver fluid through the spout;

an electrically operable valve positioned in the passageway,

a capacitive sensor coupled to the faucet and defining a detection area; and

a controller in electrical communication with the capacitive sensor, wherein the
controller is configured to maintain the valve in an open position when an object 1s moving
within the detection area.

13. The faucet of claim 12, wherein the controller defnes a threshold, the
capacitive sensor is configured to send a signal to the controlier, and the controller opens the
valve when a measure of the signal reaches the threshold.

14.  The faucet of claim 13, wherein the controller is configured to adjust the
threshold in response to at least one environmental factor.

15. The faucet of claim 13, wherein the controller defines a first threshold and a

second threshold greater than the first threshold, and the controller is configured to open the

valve when the measure of the signal exceeds the first threshold.

16.  The faucet of claim 15, wherein the controller i1s configured to maintain the

valve in the open position when the measure of the signal exceeds the second threshold.

17.  The faucet of claim 15, wherein the controller is configured to close the valve
when substantially no movement of the object is detected within the detection area and the
measure of the signal is less than the second threshold.

18.  The faucet of claim 12, wherein the capacitive sensor is configured to provide a

signal to the controller, and the controller is configured to detect a movement of the object
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within the detection area based on a variation of the signal being outside a predetermined
range.

19.  The faucet of claim 18, wherein the predetermined range is between about a

zero percent variation and about a 20 percent variation.

20. A method of controlling an electronic faucet, the method comprising the steps
of:
providing a faucet including a spout having a passageway configured to deliver
fluid through the spout, a valve positioned in the passageway, and a capacitive sensor coupled
to the faucet;
detecting a signal provided with the capacitive sensor;
comparing a measure of the signal with a threshold,;
opening the valve when the measure of the signal reaches the threshold; and
adjusting the threshold in response to at least one environmental factor.
21.  The method of claim 20, wherein the adjusting step is based on the measure of
the signal and an offset value.
22.  The method of claim 20, wherein the valve is opened when the measure of the
signal is greater than the threshold.
23.  The method of claim 20, wherein the comparing step includes comparing the
measure of the signal with a first threshold and a second threshold, and wherein the opening
step includes opening the valve when the measure of the signal exceeds the first threshold.

24.  The method of claim 23, wherein the second threshold is greater than the first

threshold, and further including the step of maintaining the valve in an open position when the

measure of the signal exceeds the second threshold.

25.  The method of claim 24, further including the step of maintaining the valve in
an open position when the measure of the signal exceeds the first threshold and a noise level of

the signal exceeds a threshold noise level.

26.  The method of claim 20, further including the step of detecting the at least one

environmental factor based on the measure of the signal.
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27. A method of controlling an electronic faucet, the method comprising the steps

of:

providing a faucet including a spout having a passageway configured to deliver
fluid through the spout, a valve positioned in the passageway, and a sensor coupled to the
faucet and defining a detection area;

positioning the valve in an open position;

detecting movement of an object in the detection area based on a signal
provided with the sensor; and

maintaining the valve in the open position when the movement of the object 1s
detected 1n the detection area.

28.  The method of claim 27, wherein the valve is positioned in the open position
upon a measure of the signal provided with the sensor reaching a threshold value.

29.  The method of claim 28, further including the step of closing the valve when
substantially no movement of the object is detected in the detection area and the measure of
the signal is less than a second threshold value, the second threshold value being greater than
the threshold value.

30. The method of claim 27, wherein the movement of the object is detected based
on a variation of the signal provided with the sensor being outside a predetermined range.

31.  The method of claim 30, wherein the predetermined range is between about a

zero percent variation and about a 20 percent variation.
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