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FIG. 1

(57) Abrégée/Abstract:
A faucet (10) Includes a spout (12), a passageway that conducts fluid flow through the spout (12), a electrically operable valve (22)
located within the passageway, a manual valve (20) located within the passageway in series with the electrically operable valve, and
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(57) Abrege(suite)/Abstract(continued):

a manual handle (14) that controls the manual valve (20). The faucet (10) also Includes a first touch sensor (26) on the manual
valve handle (14), a second touch sensor (28) on the spout (12), a capacitive sensor (30) directly coupled to one of the first ana
second touch sensors (26, 28) and capacitively coupled to the other of the first and second touch sensors (26, 28), and a controller
(24) coupled to the capacitive sensor (30). The controller (24) is configured to monitor the output signal from the capacitive sensor
(30) and to distinguish between a user tapping one of the spout (12) and the manual valve handle (14), a user grabbing the spout
(12), and a user grabbing the manual valve handle (14). The controller (24) Is also coupled to the electrically operable valve (22) to
control the electrically operable valve (22) Is response to the output signal from the capacitive sensor (30).
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FIG. 1

Yo (57) Abstract: A faucet (10) includes a spout (12), a passageway that conducts fluid flow through the spout (12), a electrically
I~ operable valve (22) located within the passageway, a manual valve (20) located within the passageway in series with the electrically
& operable valve, and a manual handle (14) that controls the manual valve (20). The faucet (10) also includes a first touch sensor
(26) on the manual valve handle (14), a second touch sensor (28) on the spout (12), a capacitive sensor (30) directly coupled to
== one of the first and second touch sensors (26, 28) and capacitively coupled to the other of the first and second touch sensors (26,
& 28), and a controller (24) coupled to the capacitive sensor (30). The controller (24) is configured to monitor the output signal from
N the capacitive sensor (30) and to distinguish between a user tapping one of the spout (12) and the manual valve handle (14), a user
o grabbing the spout (12), and a user grabbing the manual valve handle (14). The controller (24) is also coupled to the electrically
3 operable valve (22) to control the electrically operable valve (22) is response to the output signal from the capacitive sensor (30).
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CAPACITIVE COUPLING ARRANGEMENT FOR A FAUCET

BACKGROUND AND SUMMARY OF THE INVENTION

(0001} The present invention relates to improvements in capacitive sensors for activation
of faucets. More particularly, the present invention relates to the placement of a capacitive
touch sensors in or adjacent to faucet spouts and faucet handles to sense touches by a user of the
faucet and then control the faucet based on output signals from the capacitive sensor.

[0002] A tlustrated embodiment, a faucet includes a touch sensor in a spout of the
faucet, and another touch sensor in a manual valve handle. The touch sensor in the spout permits
a user to turn water flow on anca off merely by tapping the spout. In the illustrated embodiment,
the faucet distinguishes between a tap on the spout to turn the water flow on or off, and a longer
grasping or grao of the spout, for example, to swing it from one basin of a sink to another. The
faucet therefore provides an easy and convenient way to turn the water off and on without
having to adjust the water flow rate and temperature.

[0003] The touch sensor in the handle can also be used for a tap control, which
distinguishes between grasping or grab of the handle to adjust the water flow rate or
temperature, and merely tapoing the handle to toggle water flow off or on. The touch sensor in
the handle provides an additional source of input data for the faucet which permits the faucet to
more accurately determine the intent of the user, thereby providing greater water savings while
being intuitive and easy to use.

[0004] According to an illustrated embodiment of the present disclosure, a faucet
comprises a spout, a passageway that conducts fluid flow through the spout, a electrically
operable valve located within the passageway, a manual valve located within the passageway in
series with the electrically operable valve, and a manual handle that controls the manual valve.
The faucet also comprises a first touch sensor on the manual valve handle, a second touch sensor
on the spout, a capacitive sensor directly coupled to one of the first and second touch sensors
and capacitively coupled to the other of the first and second touch sensors, and a controller
coupled to the cavacitive sensor. The capacitive sensor prevides an output signal. The
controller 1s configured to monitor the output signal from the capacitive sensor and to
distinguish between a user tapring one of the spout and the manual valve handle, a user
grabbing the spout, and a user grabbing the manual valve handle. The controller 1s also coupled

to the electricallv operable valve to control the electrically operable valve 1s response to the

output signal from the capacitive sensor.
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[0005] According to another illustrated embodiment of the present disclosure, a method
1S provided for controlling fluid flow in a faucet having a spout, a passageway that conducts
fluid flow through the spout, a electrically operable valve located within the passageway, a
manual valve located within the passageway in series with the electrically operable valve, and a
manual handle that controls the manual valve. The method comprises providing a first touch
sensor on the manual valve handle, providing a second touch sensor on the spout, providing a
capacitive sensor, directly coupling one of the first and second touch sensors to the capacitive
sensor, capacitively coupling the other of the first and second touch sensors to the same
capacitive sensor, monitoring an output signal from the capacitive sensor to detect touches of
both the tirst and second touch sensors by a user, and controlling the electrically operable valve
IS response to the monitoring step.

[0006] 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 illustrative

embodiments exemplifying the best mode of carrying out the invention as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0007] The detatled description of the drawings particularly refers to the accompanying
figures in which:

[0008] Fig. | 1s a block diagram of a fluid delivery assembly including a capacitive
SeNnsor system;

[0009] g 2 is an example of a dual-electrode, capacitively coupled sensing system
with a single capacitive sensor:

[0010] Fig. 3 1s a block diagram illustrating a spout of a fluid delivery assembly
capacitively coupled to 2 faucet body hub by an insulator;

[0011] Fig. 4 itllustrates a stgnal amplitude output in response to short taps and longer
grabs on the first and second electrodes of Figs. 1 and 2;

[0012] Fi1g. 5 is a flow chart illustrating steps performed by a controller to distinguish
between short taps and longer grabs on the first and second electrodes of a capacitive sensor
system of Figs. 1 and 2; and

[0013] Fig. 6 1s an operation state diagram illustrating control of fluid flow based on an

output of the capacitive sensor.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0014] For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to certain illustrated embodiments and specific language
will be used to describe the same. It will nevertheless be understood that no limitation of the
scope of the invention 1s thereby intended. Such alterations and further modifications of the
invention, and such further applications of the principles of the invention as described herein as
would normaliy occur to one skilied in the art to which the invention pertains, are contemplated

and desired to be protected.

[0015] Fig. 1 1s a block diagram illustrating one embodiment of a sensing faucet system
10 of the present invention. The system 10 includes a spout 12 for delivering fluid such as water
Into a sink basin, for example, and at least one manual valve handle 14 for controlling the flow
of water through the spcut 12 in a manual mode. A hot water source 16 and cold water source
18 are illustratively coupled t¢ 2 manual valve body assembly 20. In one illustrated
embodiment, separate manual valve handles 14 are provided for the hot and cold water sources
16, 18. In another illustrated embodiment, such as for a kitchen application, a single manual
valve handle 14 is used for both hot and cold water delivery. In such kitchen embodiment, the
manual valve handle 14 and spout 12 are typically coupled to the basin through a single hole
mount. An output of valve bodyv assembly 20 is coupled to an actuator driven valve 22 which is
controlled electronically by input signals from a controller 24. Valves 20 and 22 are
lustratively located in a passageway that conducts fluid flow through the spout 12. In an
lustrative embodiment, actuator driven valve 22 may be a magnetically latching pilot-

controlled solenoid valve.

[0016] Ip an alternative embodiment, the hot water source 16 and cold water source 18
may be connected directly to actuator driven valve 22 to provide a fully automatic faucet
without any manual controls. in yet another embodiment, the controller 24 controls an
electronic proportioning valve (not shown) to supply water for the spout 12 from hot and cold
water sources 16, 18&.

[0017] Because the actuator driven valve 22 is controlled electronically by controller 24,

tflow of water can be controlled using outputs from a capacitive sensor 30 as discussed herein.

As shown 1n Fig. 1, when the actuator driven valve 22 1s open, the faucet system may be
operated in a marual control mode through operation of the handle(s) 14 and the manual valve
member of valve bodv assemb'y 20. Conversely, when the manually controlled valve body

assembly 20 is set to select a water temperature and flow rate, the actuator driven valve 22 can
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be touch controlled when a user's hands touch a sensor to toggle water flow on and off as
discussed below.

(0018] A first touch sensor electrode 26 is 2lectricaliy coupled to the manual valve
handle(s) 14. Spout 12 iflustratively has a second touch sensor electrode 28 capacitively
coupled to the first electrode 26. The spout 12 1s illustratively made from a conductive material
to form the second touch sensor electrode 28. Alternatively, a separate electrode 28 may be
coupled to the spout 12.

[0019] First electrode 26 1s directly coupled to the capacitive sensor 30 of controller 24.
In the embodiment of Fig. 1, a wire is used to connect the first electrode 26 to the capacitive
sensor 30. It 1s understood that any conventional capacitive sensor 30 may be used in
accordance with the present invention. See, for example, U.S. Patent No. 6,962,168 which is
incorporated herein by reference. Since the spout 12 is often movable, it is not desirable to have
a wire cennection to the electrode 28 of spout 12, Therefore, the electrode 28 of spout 12 is
capacitively coupled to the electrode 26 as discussed in more detail below. It is understood that
in another embodiment, the second electrode 28 on the spout 12 may be directly coupled to the
capacitive sensor 30 and the first electrode 26 on the handie 14 may be capacitively coupled to
the first electrode 28.

[0020] Fig. 2 1s an example of a dual electrode, capacitively coupled sensing
arrangement using a single capacitive sensor 30. Although the embodiment of Fig. 2 is
specitically disclosed herein for use with a fluid delivery apparatus such as a faucet, it is
understood that the sensing and control techniques used herein may have other applications.
[0021] Fig. 3 illustrates additional details of a single hole mount faucet 31. A faucet
body hub 32 is electrically coupled to the manual valve handle 14, for example, by metal-to-
metal contact betwean the handle 14 and the hub 32. Manual valve handle 14 is movably
coupled to the faucet body hub 32 in a conventional manner to control water flow and
temperature through valve 20. Since the manual valve handle 14 and the faucet body hub 32 are
electrically connected, the first electrode 26 may be coupled to either the manual valve handle
14 or the hub 32, as desired.

[0022] I'he spout 12 15 coupled to faucet body hub 32 by an insulator 34. In one
embodiment, such as for a kitchen faucet, the spout 12 is rotatable relative to the faucet body
hub 32. In other embodiments. the spout 12 may be fixed relative to the faucet body hub 32.

Spout 12 may include a pull-out or pull-down spray head which 1s electrically 1solated from the

spout 12.
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[0023] As discussed above, the manual valve handle 14 1s electrically connected to the

faucet body hub 32. The spcut 12 is capacitively coupled to the body hub by insulator 34.
When the manual valve handle 14 is touched by a user's hand, the capacitance to earth ground is
directly coupled. The capacitive sensor 30 of controller 24 therefore detects a larger capacitance
difference when the handle 14 is touched by a user compared to when the spout 12 is touched.
This results in a larger ampiitude output signal when the manual valve handle 14 is touched by a
user's hand compared to when the spout 12 is touched. By comparing the amplitude of the
output signal to predetermined threshold values, the controller 24 can detect where the faucet is
touched and how long the faucet is touched to enable the controller 24 to make water activation
decisions as discussed below.
[0024] The tollowing 1s a description of algorithms used to process “touch” conditions
of two electrodes 26. 28 which are capacitively coupled to one another using a single capacitive
sensor 30 which detects changes in electrical capacitance. The interpretation of how and when
the electrodes 26, 28 are touched is used to determine when to actuate an electronic valve 22.
[0025] It should be anpreciated that the method and apparatus detailed herein may be
used in connection with the faucet disclosed in PCT International Patent Application Publication
No. WO 2008/088534 entitled "MULTI-MODE HANDS FREE AUTOMATIC FAUCET", filed
December 11, 2007, and U.S. Patent Application Serial No. 11/641,574, filed December 29,
2006, and published as U.S. Publication No. 2007/0157978, the disclosures of which are
expressly incorporated by reference herein.
[0026] A first embodiment of a detection algorithm for distinguishing between short taps
and longer grabs of the spout 12 or handie 14, for example. will be described first. The
following definitions are used in the first example of the detection algorithm. A "tap" is a touch
of short duration designed to turn the water or fluid on or off. A "grab" has a longer duration
such as when a user grasps the spout 12 to move the spout from one area of the sink basin to
another or when the user grasps the manual valve handle 14 to adjust the flow rate or
temperature of the {luid. The following definitions apply to the first embodiment. Taps and
grabs are determined differently in the second embodiment discussed below.

e Slew Rate: The maximum rate of change of an output signal, expressed in

units/second. (xample: counts/second, volts/second, L.Sbs/second)
o Direct Coupling: the connection of an electrode that is resistively coupled, or

connected, to the input of a sensor.
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o Capacitive Coupling: an electrode’s connection to the input of a sensor which is
capacitive in nature due to a physical separation by some material with a defined
dielectric constant. There is no resistive element in the connection in this type of
confrguration.

s Tap: an event which occurs when a sensor’s output signal crosses above the absolute
value o1 a pre-defined threshold for some period, tr, and the following condition is
met: Trap miv <tk < Toap Max.

o G(rah: Anevent which occurs any time a sensor’s output signal crosses above the
absolute value of 4 pre-defined threshold for at least Trap max-

o Touch: An event which is defined as any time a sensor’s output signal crosses above
the abzolute value of a pre-defined threshold for at least Trap M.

» Release: An event which 1s defined as any time a sensor’s output signal crosses
below the absolute value of a pre-defined threshold.

e T'ripr rin: A defined, minimum, amount of time which a sensor’s output signal must
cross abnve the absolute value of a pre-defined threshold to qualify as a tap
condition.

o Trap wav: A detined, maximum, amount of time which a sensor’s output signal must
crosses zbave the absolute value of a pre-defined threshold to qualify as a tap
cordition. The signal must have dropped below the threshold prior to this time to
still quelifv as a tap condition. 1f the signal is still above the threshold beyond this

period of time, a ¢rab condition has occurred.

[0027] Fig. 4 illustrates a typical output response signal of a dual electrode 26, 28,
capacitively coupled sensing arrangement using a single capacitive sensor 30 as discussed
above. The distinction between human touches on each electrode 26, 28 can be seen in Fig. 4.
Possible algorithm threshold settings are shown on the graph of Fig. 4. For example, Fig. 4
tlustrates a lower threshold amplitude at line 80, a middle threshold amplitude at line 82, and an
upper threshold amplitude itlustrated at line 84.

[0028] Due to the slew rate of a chosen sensor connected to a particular electrode, it will
take some minimum amount of time for the output signal to reach its maximum amplitude and
achieve some steady state level. This is shown in Fig. 4 in which the directly coupled first
electrode 26 1s tapped at location 90, and the maximum output level of the sensor is less than the

maximum output level achieveble if the first electrode 26 is grabbed for a minimum amount of
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time to allow a steady state level to be reached as illustrated at location 92. The slew rate for a
directly coupled elzctrode 26 and a capacitively coupled electrode 28 may differ. The maximum
achievable amplitude of a capacitively coupled electrode 28 is less than the maximum
achievable amplitude of a directly coupled electrode 26. For example, location 86 of Fig. 4
lustrates the amplitude of the signal when capacitively coupled electrode 28 is tapped and
location 88 illustrates the maximum achievable amplitude of the capacitively coupled electrode
28 when the electrode 28 is grabbed to allow a steady state ievel to be reached. The maximum
steady state level achievable bv a given sensor in a given system may vary depending on the
following conditions:

1. What, or who, s touching the sensor,

2. 'The particular tvpe of capacitive sensing technology employed by the system,

3. 'The amount of canacitance between the two electrodes and the associated dielectric

constant of the material of separation,
4. Any conductive materials in the near vicinity of the electrodes which may add to the
total capacitance being sensed.

[0029] In a system using two separate sensors for the two electrodes with 1solation
between the electrodes, distinguishing between taps, grabs, and releases of the two electrodes is
a fairly straight forward task. However, due to the behavior of a system using capacitively
coupled electrodes 26, 28 and a single capacitive sensor 30 as shown in Figs. 1 and 2, the
manner in which detections are made differs. Tables 1 through 3 show the possible detection
states that can be accurately determined using the different sensing configurations.
[0030] As shown i Vable 1. a dual senscr, dual electrode configuration can accurately
distinguish up to 16 different states. A drawback is that the control algorithms must also process
and determine what state 1s currently present. Table 2 shows what states are possible to
determine using a single sensor. dual electrode configuration with capacitively coupled

electrodes as showw in Figs. ! and 2. tor example.
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Shown is a fiirther revuction of states in Table 2 by eliminating the need to
detect a tap of electrode | and electrode 2 separately.

[0031] For the examnie siown 1 vable 1. tavesheias for each sensor/electrode can be
determined such that at anv t.me the sensor’s sigral crosses said threshold, the electrode 1s

defined as having been tcucho 7. I* the signa: orossss the threshold for a defined period of time,

-

(f

{

as defined in the Definiticns section above, flags cen be set as to whether the electrode has been

tapped or grabbed. The exact stares that apoeay tor one elecirode in this example can appear for

the second electrode al the scme aime. in this configuration, cech sensor can have its own set of
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thresholds for determining wr.on the sensor has been touched and released. The setting of those
thresholds can be determinec using a “dynamic bas=line” determined from the raw sensor signal.
A dynamic baseline is a calcuiated level based on the raw output level of the sensor. In this
way, the “baseline™ will tend to track the raw signal in the manner defined by the calculation of
the baseline. Having independert thresholds is not possible for the case of a single sensor
application using capacitivel coupled electrodes.
[0032] Table 2 describizs the datectable states that can be determined in the application
shown in Figs. | and 2. Fig 4 illpstrates that if electrode 28 is touched for a long enough time to
reach steady state ampiituds, that the maximum achievable level at location 88 is not as great as
the maximum achievable amplitude of electrode 26 which is directly coupled to the capacitive
sensor 30 as illustrated at location 92. 1f the Unper Threshold 84 shown in Fig. 4 1s adjusted
such that 1t 1s above the maximum amplitude of electrode 28, but below the maximum amplitude
of electrode 26, a determinaticn car be made between the two. However, due to the rise times
associated with each electroc>’s slew rate, a tap event on the first electrode 26 may never cross
the Upper Threshold 84 as ilivstrated at locatien 99 and cannot be reliably distinguished
between a tap of electrode 28 #nd 2 tap of electrode 26. For this reason, the algorithm may be
designed using a reduced subszt of states shown in Table 2 as reflected in Table 3.
[0033] An example for this type of sensing 1s 1n the control of the electronic valve 22 for
a plumbing applicaticn. The algorithm in question will do the following:

I. If the first electrode 26 {directiv coupled electrode) is touched and the Electronic Valve

22 (from here on referred to as the EV.Y is closed, the request will be made to open the
EV 22.

2. Ifetther electrode 26 28 is tapped while the EV 22 is open, a request will be made to
close the EV 22
If first electrode 26 is grabbed and the EV 22 is open, no action will be taken on the EV

22.

J

4. It second electrode 2% 15 grabbed and the EV 22 is cpen, no action will be taken on the

EV 22.

5. Ifsecond electrode 28 is grabbed and the EV 22 1s closed. no action will be taken on the
EV 22,

6. Itfeither elecirode 26, 78 s tapped while the EV 22 is closed, a request will be made to

open the BV 272,



CA 02708577 2010-06-09

115-4055-U
DFC-P0086-WO
~10-
[0034] Instead of trying io determine the difference between two electrodes 26, 28,

rather, we concentrate on determining whether the sensor’s signal has crossed one of three
dynamic thresholds 80, 82, &4 as shown int Fig. 4. Therefore, one more step in the algorithm
needed ior detecting the statcs of Table 2 may be saved to go from 7 possible states to 6. The

5 algorithm will then obey the following rules: (Sensor’s Signal = SIG, UT = Upper Threshold,

I, IE|SIGL> JUT] for a period tr. and tr > Trae min. and the EV is closed, a request will
be made to open tke EV. This 1s reflected by states 5 and 6 of Table 3.
2. If‘S[GI > lMT| for 3 period th has been reieased, and TTAP_MIN <fr < TTAP_MAXa d
10 request will be mde to close the EV if it was previously open, or open the EV if it

was previously closed. This is reflected by state 2 of Table 3.

3. IH|SIG) > IMT]| for a period te. the EV is open, and tg > Trap max, no action is taken.
Thts 1s reflected by states 4 and 5 of Table 3.
4. |SIGH < NVT no actien s taken, regardiess of the state of the EV.
15
State Tables
imer | Time:
20
- State | ol __J
' : ;.i
0 3 Closed l

1 i Open |

(TABLE 5)
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IsIG| | Signat |
- State | Active

o
1 g 1 jm;i N LEIR: ;lﬂl-
2 1 iF}IHJT[* ISIGI
3 l \336‘1 < T
: | ; d (M < iS!(mﬁQI-LIﬂ
5 f wBm—“‘iiﬂ'! .ﬂ: &G | 1
(TABLE )

EV State

» . H

(TABIE7)
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No Action

- -~ — — Ay

OPEN BV, Disalie Timer, tr = {J

L i g PO - ——

Disable Timer, \p = {

Ciatle Tiver

- — - ~— — . - -— g+ [ —

OPEN BV, Disable Timer, tr = §, 2ignal = Inactive

Y YA ——— - e

CLOSE £V, Disable Timer, t; =1

 — —— — e .- - A A m mpaa me A @

7 Signal = Active |
(TABLES)

[0035) PROCESS FLOW

s e« &

1. The states 1o Table 4 are defined based on the current value of tg and whether or not the
{im12r s 2pabled.

2. The BV State, as shown i Table 5 1s defined when a change of the EV state is made.

3. The|SIG
relation to the defined threshold levels, MT and UT. States 0 through 2 are for when the

stat2 in Table 6 15 adjusted based on the current value of the sensor signal in

signal 1s defined as being “active,” and states 3 through 5 are for when the signal is
defined as being “inactive.”
4. Table 8 1s a listing of possible actions to be taken based on the conditions shown in
Table 7.
5. Table 7 shows the vacious aciicns to be taken depending on the states of the EV, |SIG]
State, and Timer State
[0036] in ancother illustrated embodiment of the present invention, an algorithm is
provided which detects a tap by a user on either the first or second electrodes 26, 28 based upon
a change 1n a slop¢ detected af a leading edge of the output signal from the capacitive sensor 30.
Fig. 5 1s a flow chart ilfustrating the steps performed by controller 24 to monitor the output of
the capacitive sensor 30 and determine when the electrodes 26, 28 are tapped or grabbed for
controlling the fluid {low.
[0037] The nrocess staits at bleck 40. Initially no tabs or grabs are detected as illustrated
at block 42. Controller 24 inputs sensor data from the capacitive sensor 30 as illustrated at block
44. Controlier 24 then determines whether a positive slope of the output signal is detected at
block 46. Leading edges of each of the touches at locations 86, 88, 90 and 92 in Fig. 4, for

example, are detected as a postitive slope occurrences. The detected slope must be large enough
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to distinguish it from a gradual amplitude increase, such as when a user's hands approach the
faucet, as illustrated at locaiion 94 in Fig. 4, for example. In an illustrated embodiment, the
slope must increase for about {C¢ counts in order for a positive slope to be detected at block 46.
[0038] if a positive siepe 13 not detected at block 46, controller 24 returns to block 44 to
input additional sensor data. 1t a positive slope is detected at block 46, controller 24 determines
whether or not the positive siope is caused by an electromagnetic interference (EMI) event at
block 48. For example, electromagnetic interference may occur if someone starts a dishwasher
or other appliance near the faucet. Controller 24 may test for an EMI event by confirming that
the positive siooe stili exists af e later fime interval such as, for example, 10 ms after the positive
slope 15 initially dstected. I the signal is still has a positive slope after 10 ms, controller 24
determines that the positive slope 1s caused by a touch of electrodes 26 or 28 and not by an EMI
event.

[0039] itan EMI event ts detected at block 48, controller 24 returns to block 44 to input
additional sensor data. I an EMI event is not detected at block 48, controller 24 inputs
additional sensor data at bleck 50. Controller 24 then determines whether a negative slope of
the output signal is deotected at biock 52, Negative slopes of the output signal are illustrated, for
example, at the trailing edgzes of portions 86. 88. 90 and 92 of the output signal of Fig. 4. If a
negative slope 1s detected at hiock 52. controller 24 determines that a "tap" has been detected as
illustrated at block 54. Controlier 24 will then control the electronic valve 22 as discussed
below in response tc the tap.  Controlier 24 then returns back to the start block 40 to monitor for
the next touch of eiectredes 76. 28.

[0040] I a negative slope is not detected at block 52, controller 24 determines whether
an elapsed tune sinice the positive slope was detected at block 46 is less than a maximum elapsed
time permitted for a tap event as itlustrated at block 56. Hlustrativelv, the maximum elapsed
time for a tap event 1s about 300 ms. Ifthe elapsed time is less than the maximum time for a tap
event, controtler 24 r=turns to block 50 to input additional sensor data. If the elapsed time at
block 56 exceeds the maximum time permitted for a tap event at block 56, controller 24 detects a
"grab" as illustrated at block 52, Next, controller 24 determines a type of grab that has occurred
as illustrated at block 60. In the illustrated example, controller 24 distinguishes between a
"strong" grab at block 42 and ¢ "weak" grab at block 64. A strong grab at block 62 occurs when
the user grabs the mamnat valve handle 14 used to adjust the flow or temperature of the fluid. A
weak grab at block 64 cceurs when the user grabs the spout 12. Controller 24 will then control

the electronic valve 22 as discussed below in response to the detected strong or weak grab.
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[0041] Once a determination 1s made between a strong grab and a weak grab, controller

24 sets a timer for grab release window values as 1llustrated at block 66. Controller 24 then
inputs additional senscr data as illustrated at block 68. Next, controller 24 determines whether a
grab release 1s detected within the release window at block 70. If not, controller 24 continues to
input senscr data at block 98. If the grab release is detected at block 70, controller 24 returns
back to start block 40 to monitor tor the next touch of electrodes 26, 28. A grab release is
detected by a negative slope of the output signal indicating that the user has released the
electrode 26, 28.

[0042] In the embodiment of Fig. 5, the outout from the capacitive sensor 30 does not
have to reach a lower threshold level such as level 80 in Fig. 4 in order to be considered a tap
event. Therefore. the embodirrent of Fig. 5 provides improved detection of taps of the
electrodes 26. 28. Wher the eiectrodes 26, 28 are grabbed for a longer period of time, the steady
state amplitudes are reached at, for example, Iccations 88 and 92 of Fig. 4. These steady state
levels are more easily predicted than the shorter duration taps as discussed above. In the
embodiment of Fig. 5, the apper threshold level 84 1s set to distinguished between strong grabs
of the first electrode 26 on the handle 14 and weak grabs of the second electrode 28 on the spout
12. Once a grab is detected, if the amplitude of the steady state signal at location 88 is detected,
it is determined that a grab of the spout 12 has occurred since the amplitude is below the upper
threshold 84. If'the output signal is above the upper threshold 84 during a grab as indicated at
location 92, a strong grab of the handle 14 is detected.

[0043] The maximum amplitudes of the steady state signals when the first and second

electrodes 26, 28 are grabbed at locations 92 and 88, respectively, of Fig. 4 may be adjusted.

For example, the hub 32 mayv include a metallic portion which extends into the insulator 34. The
metallic portion of the hub 32 overlaps a portion of the metal spout 12. The amount of overlap
of metal between the hub 32 ard the soout 12 effects the signal amplitude of the output signal of
capacitively coupled electrode 26. Theretore, by reducing the metallic overlap between the hub
32 and the spout 1Z, the signal amplitude 88 in response to touches of the second electrode 28
coupled to the spout 12 may be reduced. Increasing the signal amplitude difference between the
maximum signal outout of the first and second electrodes 26, 28, facilitates distinguishing
between strong grabs of the imanual valve handle 14 and weak grabs of the spout 12.

[0044] Fig. 6 is an oreration state diagram tor the second embodiment of the present
ivention. If the water is off, a tap of either the handle lever 14 or spout 12 will cause the water

to turn on. A strong grab indicating that the handle 14 is grabbed will also turn the water on.



10

CA 02708577 2010-06-09

115-4055-U
DFC-PO0Z6-WO

_15.

However, wher: the water is off, a weak grab of the spout 12 will not turn on the water. When
the water is on. a tap of the lever handle 14 or spout 12 will turn the water oft. However, when
the water is on, strong and weak grabs of the nandle 14 and spout 12 respectively, will not cause
the water to turn off. Therefore, when the water is on, the user can adjust the location of the
spout or grab the handle 14 and adjust the temperaiure or flow rate of the water without shutting
the water off.

10045] While the invention has been tllustrated and described in detail in the drawings
and foregoing cescrintion, the description is to ke considered as illustrative and not restrictive in
character. Only illustrated embodiments, and such alternative embodiments deemed helpful 1n
further illuminating the iflustrated embodiments, have been shown and described. It will be
appreciated that changes and modifications to the forgoing can be made without departing from

the scope of the foliowing ¢latms.
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CLAIMS:

1. A faucet comprising:

a spout;

a passageway that conducts fluid flow through the spout;

a electrically operable valve located within the passageway;

a manual valve located within the passageway in series with the electrically
operable valve;

a manual handle that controls the manual valve;

a first touch sensor on the manual valve handle;

a second touch sensor on the spout;

a capacitive sensor directly coupled to one of the first and second touch sensors
and capacitively coupled to the other of the first and second touch sensors, the capacitive sensor
providing an output signal; and

a controller coupled to the capacitive sensor, the controller being configured to
monitor the output signal from the capacitive sensor and to distinguish between a user tapping
one of the spout and the manual valve handle, a user grabbing the spout, and a user grabbing the
manual valve handle, the controller also being coupled to the electrically operable valve to
control the electrically operable valve is response to the output signal from the capacitive sensor.

2. The faucet of claim 1, wherein the controller toggles the electrically operable
valve between open and closed positions in response to detecting a user tapping one of the spout
and the manual valve handle.

3. The faucet of claim 1. wherein the controller toggles the electrically operable
valve when either of the first and second touch controls are touched and released within a period
of time shorter than a predetermined time.

4. The faucet of claim 1, wherein the electrically operable valve is a magnetically
latching valve.

5. The faucet of ¢laim 1, wherein the controller determines that a user has tapped
one of the spout and the manual valve handle when both a positive slope of the output signal and
a negative slope of the output signal are detected within a predetermined period of time.

6. The faucet of claim 5, wherein the controller further determines whether an

electromagnetic event caused the positive slope of the output signal instead of a tap by the user

on the spout or the manual valve handle.

7. The faucet of claim 5, wherein the controller further determines that a user has
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grabbed one of the spout and the manual valve handle when the length of time between the
positive slope of the output signal and the negative slope of the output signal is greater than the
predetermined time.

8. The faucet of claim 7, wherein, if the controller determines that one of the spout
and manual valve handle was grabbed by a user, the controller further determines which one of
the spout and manual valve handle was grabbed by a user based upon an amplitude of the output
signal between the detected positive and negative slopes.

9. The faucet of claim 8, wherein the controller determines that the manual valve
handle was grabbed by a user if the amplitude of output signal between the detected positive and
negative slopes is greater than a predetermined threshold value.

10.  The faucet of claim 9, wherein the controller determines that the spout was
grabbed by a user if the amplitude of the output signal between the detected positive and
negative slopes is less than the predetermined threshold value.

11, The faucet of claim 1, wherein the electrically operable valve is an electronic
proportioning valve and wherein the controller directs the electrically operable valve to change
among open, closed, and the plurality of partially closed positions in response to a duration of
contact by the user with the first and second touch controls.

12. The faucet of claim 1, further comprising a faucet body hub, the manual valve
handle being movably coupled to the faucet body hub to control the manual valve, the manual
valve handle being electrically coupled to the faucet body hub, and wherein the spout is coupled
to the faucet body hub by an insulator so that the spout is electrically isolated from the faucet

body hub.

13. The faucet of claim 12, wherein the spout is rotatably coupled to the faucet body

hub.

14. The faucet of claim 1, wherein the first touch sensor includes a first electrode
coupled to the manual valve haridle, the first electrode being directly coupled to the capacitive

SCIISOT.

15, The faucet of claim 14, wherein the second touch sensor includes a second
electrode on the spout, the second electrode being capacitively coupled to the first electrode.

16.  The faucet of ¢claim !5, wherein the spout is formed from a conductive material to
provide the second electrode, and further comprising an insulator located between the spout and

the manual valve handle so that the second electrode is capacitively coupled to the first

electrode.
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17. The taucet of claim 1, wherein the controller controls the electrically operable

valve 1n response to the cutput signal from the capacitive sensor as follows:

1t either of the first and second touch sensors are tapped while the electrically operable
valve 1s closed, the controller opens the electrically operable valve;

1f the first touch sensor is grabbed and the electrically operable valve is closed, the
controller opens the electricailv operable valve;

It etther of the first and second touch sensors are tapped while the electrically operable
valve 1s open, the controller closes the electrically operable valve;

if first touch sensor 1s grabbed and the electrically operable valve is open, no action is
taken on the electrically operable valve;

it second touch sensor is grabbed and the electrically operable valve is open, no action is
taken on the electrically operable valve; and

it second touch sensor is grabbed and the clectrically operable valve is closed, no action
Is taken on the electrically operable valve.

18. The faucet of claim 1, wherein the controller determines an amplitude of the
output signal (SIG) and compares the amplitude to an upper threshold (UT), a middle threshold
(MT) and a lower threshold (L.T), the controller then controlling the electrically operable valve
as follows:

(a) (f [SIG]| > |{UT

valve 1s closed, the controlier opens the electrically operable valve;

for a period tgr, and tr > Trap My, and the electrically operable

(b) 1f [SIG| > M1 {or a period tr, has been released, and Ttap M < tr < TTaP MAX,
the controller closes the electrically operable valve if it was previously open and opens the
electrically operable valve if it was previously closed;

(C) LHISIGE> IMT] for a period tg and the electrically operable valve is open, and tg >
T'rap Max, DO action s taken; and

(d) if |STGlI < IMT], no action is taken, regardless of whether the electrically operable
valve is open or closed.

19. A method of controlling fluid tflow in a faucet having a spout, a passageway that
conducts fluid flow through the snout, a electrically operable valve located within the
passageway, a manual valve located within the passageway in series with the electrically
operable valve, and a marval handle that controls the manual valve, the method comprising:

providing a first touch sensor on the manual valve handie;

nroviding a second touch sensor on the spout;
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providing a capacitive sensor;

directly coupling one of the first and second touch sensors to the capacitive
SeNSsor;

capacitively coupling the other of the first and second touch sensors to the same
capacitive sensor;

monitoring an output signal from the capacitive sensor to detect touches of both
the first and second touch sensors by a user; and

controlling the electrically operable valve is response to the monitoring step.

20.  The method of claim 19, wherein the monitoring step includes distinguishing
between a user tapping one of the spout and the manual valve handle, a user grabbing the spout,
and a user grabbing the manual valve handle.

21, The method cf claim 19, wherein the monitoring step determines that a user has
tapped one of the spout and the manual valve handle when both a positive slope of the output
signal and a negative slope of the output signal are detected within a predetermined period of
time.

22. The method of claim 21, further comprising determining whether an
electromagnetic event caused the positive slope of the output signal instead of a tap by the user
on the spout or the manual valve handle.

23.  The method of claim 21, wherein the monitoring step determines that a user has
grabbed one of the spout and the manual valve handle when the length of time between the
positive slope of the output signal and the negative slope of the output signal is greater than the

predetermined time.

24, The method of claim 23, wherein, if the monitoring step determines that one of
the spout and manual valve handle was grabbed by a user, the monitoring step then determines
which one of the spout and manual valve handle was grabbed by a user based upon an amplitude

of the output signal between the detected positive and negative slopes.

25. The method of claim 24, wherein the monitoring step determines that the manual
valve handle was grabbed by a user if the amplitude of the output signal between the detected
positive and negative slopes is greater than a predetermined threshold value.

26.  The method of claim 25, wherein the monitoring step determines that the spout
was grabbed by a user 1f the amplitude of the output signal between the detected positive and

negative slopes is less than the predetermined threshold value.

27. The method of claim 26, further comprising toggling the electronic valve
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between open and closed positions in response to detecting a user tapping one of the spout and

the manual valve handle during the monitoring step.

28.  The method of claim 19, wherein the controller controls the electrically operable
valve 1n response to the output signal from the capacitive sensor as follows:

if either of the first and second touch sensors are tapped while the electrically operable
valve is closed, the controller opens the electrically operable valve;

if the first touch sensor is grabbed and the electrically operable valve is closed, the
controller opens the electricaliv operable valve;

if either of the first and second touch sensors are tapped while the electrically operable
valve 1s open, the controller closes the electrically operable valve;

1f first touch sensor is grabbed and the electrically operable valve is open, no action 1s
taken on the electrically operable valve;

if second touch sensor is grabbed and the electrically operable valve is open, no action 1s
taken on the electrically operable valve; and

if second touch sensor is grabbed and the electrically operable valve is closed, no action
is taken on the electrically operable valve.

29.  The method oi claim 19, wherein the electrically operable valve is an electronic
proportioning valve and wherein the confrolier directs the electrically operable valve to change
among open, closed, and the nlurality of partially closed positions in response to a duration of
contact bv the user with the first and second touch controls.

30. The method of claim 19, wherein the first touch sensor includes a first electrode
coupled to the manual valve handle, the first electrode being directly coupled to the capacitive

SEensor.
31. The method of claim 30, wherein the second touch sensor includes a second

electrode on the spout, the second electrode being capacitively coupled to the first electrode.
32. The method of claim 31, wherein the spout is formed from a conductive material

to provide the second electrede, and further comprising an insulator located between the spout

and the manual valve handle to capacitively couple the second electrode is to the first electrode.
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