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ELECTRONIC FAUCET WITH SPATIAL
ORIENTATION CONTROL SYSTEM

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/313,385 filed Mar. 25, 2016,
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to faucets.
In particular, the present disclosure relates to a faucet that is
electronically controlled based on the spatial orientation of
an input device.

BACKGROUND

[0003] Faucets typically comprise mechanical parts to
control the temperature and flow of water. In many situa-
tions, a mechanical valve controls the hot and cold water
inlets through one or more faucet handles. Typically, a user
manipulates the mechanical valve to adjust hot/cold mix and
water flow by maneuvering faucet handle(s). Due to the
mechanical connection between the handle and valve, the
faucet body typically must be sized to accommodate these
mechanical components. The bulk of these components
presents challenges in faucet designs.

[0004] With kitchen faucets, for example, attempts have
been made to slim down the faucet body to create a more
aesthetically pleasing design, but even these slim designs are
dictated to a great extent by the need to include the mechani-
cal valve in the faucet body, which is necessary to manipu-
late the temperature and flow of water. As a result, many
components of kitchen faucets, such as the mechanical
valve, are located above the kitchen countertop. This can
make kitchen faucets bulky to some extent to allow room for
the mechanical components.

SUMMARY

[0005] According to one aspect, the present disclosure
provides a faucet that electrically controls the temperature
and flow of water dispensed. The faucet illustratively
includes a faucet body and a faucet handle. In illustrative
embodiments, the faucet includes an inertial motion unit
sensor that is mounted in the faucet handle to sense spatial
orientation of the faucet handle. For example, in some
embodiments, the faucet handle may include a sensor that
detects where the faucet handle is located in relation to an
initial position. This allows the faucet to detect the position
of the faucet handle after maneuvering the faucet handle
similar to how a user would maneuver a mechanical faucet
handle.

[0006] In illustrative embodiments, the faucet includes an
electronic flow control system that adjusts flow volume and
temperature of water being dispensed. In an illustrative
embodiment, the faucet includes a controller configured to
receive the signals from the inertial motion unit sensor and
control the electronic flow control system to adjust flow
volume and temperature of water being dispensed based
upon the position of the faucet handle.

[0007] Additional features of the present disclosure will
become apparent to those skilled in the art upon consider-
ation of illustrative embodiments including the best mode of
carrying out the disclosure as presently perceived.
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BRIEF DESCRIPTION OF THE FIGURES

[0008] The detailed description makes reference to the
accompanying figures in which:

[0009] FIG. 1 is a perspective view of an example kitchen
faucet according to an embodiment of the disclosure;
[0010] FIG. 2 is a detailed perspective view of the
example kitchen faucet shown in FIG. 1 below a countertop;
[0011] FIG. 3 is a detailed perspective view of a faucet
handle of the example kitchen faucet of FIG. 1 with a
breakaway to reveal the internal of the faucet handle accord-
ing to an embodiment of the disclosure;

[0012] FIG. 4 is a simplified block diagram of an example
control system for controlling dispensing of water from a
kitchen faucet according to an embodiment of the disclo-
sure;

[0013] FIG. 5 is a front view of the faucet handle showing
the degrees of rotation that the faucet handle can travel along
one axis of the faucet handle according to an embodiment of
the disclosure;

[0014] FIG. 6 is a side view of the faucet handle showing
the degrees of rotation that the faucet handle can travel along
another axis of the faucet handle according to an embodi-
ment of the disclosure;

[0015] FIG. 7 is a simplified diagram of water values
released from two water supply inlet hoses given a position
of the faucet handle according to an embodiment of the
disclosure;

[0016] FIG. 8 is a simplified flowchart showing an
example operation of the faucet according to an embodiment
of the disclosure; and

[0017] FIG. 9 is a simplified flowchart showing another
example operation of the faucet according to an embodiment
of the disclosure.

DETAILED DESCRIPTION

[0018] The figures and descriptions provided herein may
have been simplified to illustrate aspects that are relevant for
a clear understanding of the herein described devices, sys-
tems, and methods, while eliminating, for the purpose of
clarity, other aspects that may be found in typical devices,
systems, and methods. Those of ordinary skill may recog-
nize that other elements and/or operations may be desirable
and/or necessary to implement the devices, systems, and
methods described herein. Because such elements and
operations are well known in the art, and because they do not
facilitate a better understanding of the present disclosure, a
discussion of such elements and operations may not be
provided herein. However, the present disclosure is deemed
to inherently include all such elements, variations, and
modifications to the described aspects that would be known
to those of ordinary skill in the art.

[0019] References in the specification to “one embodi-
ment,” “an embodiment,” “an illustrative embodiment,” etc.,
indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every
embodiment may or may not necessarily include that par-
ticular feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same embodi-
ment. Further, when a particular feature, structure, or char-
acteristic is described in connection with an embodiment, it
is submitted that it is within the knowledge of one skilled in
the art to affect such feature, structure, or characteristic in
connection with other embodiments whether or not explic-
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itly described. Additionally, it should be appreciated that
items included in a list in the form of “at least one A, B, and
C” can mean (A); (B); (C); (A and B); (A and C); (B and C);
or (A, B, and C). Similarly, items listed in the form of “at
least one of A, B, or C” can mean (A); (B); (C); (A and B);
(A and C); (B and C); or (A, B, and C).

[0020] Inthe drawings, some structural or method features
may be shown in specific arrangements and/or orderings.
However, it should be appreciated that such specific arrange-
ments and/or orderings may not be required. Rather, in some
embodiments, such features may be arranged in a different
manner and/or order than shown in the illustrative figures.
Additionally, the inclusion of a structural or method feature
in a particular figure is not meant to imply that such feature
is required in all embodiments and, in some embodiments,
may not be included or may be combined with other
features.

[0021] FIG. 1 shows an example faucet 10 according to an
embodiment of this disclosure. Although this disclosure will
be discussed with regard to a kitchen faucet for purposes of
example, the control system described herein could be
implemented in any type of faucet, including bathroom
faucets, whether the faucet has a single handle or two
handles, bath tub spout controls, shower head controls, and
any water delivery valves. In this regard, the term “faucet”
is broadly intended to mean any of these water delivery
devices. Although the faucet 10 is shown as a pull-down
kitchen faucet for purposes of example, this disclosure
encompasses other types of faucets, including but not lim-
ited to pull-out faucets. In the example shown, the faucet 10
includes a faucet body 12, a faucet handle 14, and a spray
head 16 that can be detached or undocked from the faucet
body 12. The faucet body 12 can be shaped differently to
provide a different connection with the faucet handle 14 or
spray head 16. For example, in another embodiment the
faucet body 12 could be flush with the faucet handle 14 to
provide a more streamlined appearance that reduces the
space required by the faucet 10. In another embodiment, the
faucet handle 14 does not need to be connected to directly
to the faucet body 12, but could be remote from the faucet
body 12.

[0022] As shown, the faucet 10 can be manually con-
trolled (e.g., the temperature, water flow, and on/off) using
the handle 14. In some cases, the faucet 10 could be
manually adjusted electronically, such as using a hands-free
sensor, touch activation, buttons or other interface. As
discussed more below, the handle 14 can detect its spatial
orientation and send signals to a controller 18 to control
water flow using a flow control box 20 through signal wires
22.

[0023] In the embodiment shown, the flow control box 20
is connected to a pull down hose 24 to provide fluid
communication from water supply inlet hoses 26 to spray
head 16. As is typical, the water supply inlet hoses 26 can
supply cold and hot water to be released from the spray head
16.

[0024] Referring to FIG. 2, a closer look to the compo-
nents of the faucet 10 under the counter top (not shown) is
provided. As mentioned above, in one embodiment shown
the controller 18 is connected to the flow control box 20
through signal wires 22 to analyze the signals sent from
faucet handle 14 to control the flow of water from the water
supply inlet hoses 26. The flow control box 20 can mix the
water from water supply inlet hoses 26 to provide a water
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flow of a user-selected temperature to be released from the
spray head 16. The flow control box 20 as shown is located
under the counter top of the faucet 10. The flow control box
20 can be located elsewhere as appropriate to receive signals
from controller 18 through signal wires 22 and provide
water to be released from spray head 16 through pull down
hose 24. The flow control box 20 can be located in a different
position to provide more space underneath the counter top of
faucet 10 depending on the circumstances.

[0025] In the example shown, the controller 18 is located
outside of the flow control box 20. In another embodiment,
the controller 18 can also be located inside of the flow
control box 20. In another embodiment, the controller 18 can
be located above the counter top of the faucet 10. The
controller 18 could also be located inside the faucet handle
14.

[0026] The connection between the faucet handle 14,
controller 18, and flow control box 20 is shown as a wired
connection through signal wires 22. In another embodiment,
the communication between the faucet handle 14, controller
18, and flow control box 20 can be done wirelessly.
[0027] Referring to FIG. 3, a closer look at the faucet
handle 14 is provided. There is a cut away to reveal the
components inside of the faucet handle 14. In the example
shown, the faucet handle 14 includes a sensor printed circuit
board assembly (PCBA) 30 connected to the signal wire 22.
As shown, the faucet handle 14 is connected to the faucet
body 12 through a stationary faucet handle mount 32 in
conjunction with a movable faucet handle mount 34. The
stationary faucet handle mount 32 is connected to the faucet
body 12. The stationary faucet handle mount 32 can be a part
of the faucet body 12. The movable faucet handle mount 34
is movably connected to the stationary faucet handle mount
32. The movable faucet handle mount 34 is also connected
to the faucet handle 14. The movable faucet handle mount 34
can be a part of the faucet handle 14. The connection
between the stationary faucet handle mount 32 and the
movable faucet handle mount 34 allows the faucet handle 14
to move at least rotationally along two axes of rotation. In
one embodiment, one axis of rotation can represent the water
flow being released from the spray head 16, and the other
axis of rotation can represent the temperature of water being
released from the spray head 16. Although the stationary
faucet handle mount 32 and the movable faucet handle
mount 34 extend from the faucet body 12 in the example
shown, these components could be integral with the faucet
body 12 to provide more flexibility for shape and size of the
faucet body 12.

[0028] In one embodiment, the faucet handle 14 can be
movably connected to the faucet body 12 without the
stationary faucet handle mount 32 and the moveable faucet
handle mount 34. The faucet handle 14 can also be movably
connected to the spray head 16. As discussed above, the
faucet handle 14 can be separate from the faucet body 12
altogether and be movably connected to a surface for
movement along two axes of rotation.

[0029] The sensor PCBA 30 is configured to detect the
spatial orientation of the faucet handle 14. In one embodi-
ment, the sensor PCBA 30 is an inertial motion unit (IMU)
sensor 30. The sensor PCBA 30 can send signals through
signal wires 22 to controller 18 to interpret the signals. After
the controller 18 determines a spatial orientation of the
faucet handle 14 through the signals provided from sensor
PCBA 30, the controller 18 can send signals to the flow
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control box 20 and control the water temperature and the
water flow to be released from the spray head 16.

[0030] Referring to FIG. 4, there is shown an example
electronic control system for controlling dispensing of water
from the faucet 10. In the example shown, the control system
includes the controller 18 including a processor 36 to
process the signals received from the faucet handle 14 to
send a signal to the flow control box 20 and a memory 38 to
store instructions to be executed by the processor 36. The
control system also includes a power supply 40 that is
connected to the controller 18 and the flow control box 20.
The control system also includes the flow control box 20
including a servo motor 1 42 and a servo motor 2 44 to
control the water received from water supply inlet hoses 26
(not shown) to output water of a determined flow rate and a
determined temperature based upon the spatial orientation of
the faucet handle 14. Servo motor 1 42 may be a servo motor
for the control of cold water into the system. Servo motor 2
44 may be a servo motor for the control of hot water into the
system. In the embodiment shown, the control system also
includes the faucet handle 14 that receives inputs from at
least one of a gyroscope 46, magnetometer 48, and accel-
erometer 50 of the sensor PCBA 30 (FIG. 3).

[0031] In one embodiment, the faucet handle 14 is located
above the countertop and the controller 18, flow control box
20, and power supply 40 are located below the countertop.
The components of the control system may be arranged
above and below the counter top as appropriate. The power
supply 40 provides power to the faucet handle 14 through
the controller 18. In another embodiment, the power supply
40 may be connected directly to the faucet handle 14. The
power supply 40 can be power supplied from an outlet and
converted as necessary for use by the controller 18, flow
control box 20, and faucet handle 14. The flow control box
20 may have a separate power supply 40 than the controller
18. The power supply 40 may be any power source to supply
electrical power for the function of the faucet handle 14,
controller 18, and the flow control box 20.

[0032] Inone embodiment, the faucet handle 14 detects its
spatial orientation through the use of at least one of the
gyroscope 46, the magnetometer 48, and accelerometer 50.
In another embodiment, the faucet handle 14 may use other
sensors to detect its spatial orientation. The faucet handle 14
can send the signals received from the sensors 46, 48, 50 to
the controller 18 to use an algorithm in order to determine
the temperature of water and the flow rate of the water to be
released from the spray head 16. In another embodiment, the
controller 18 may use a look-up table to determine the
temperature of water and the flow rate of the water to be
released from the spray head 16. After determining the
temperature and flow rate of the water, the controller 18 can
send a signal to flow control box 20 to control the servo
motor 1 42 and servo motor 2 44 to adjust the temperature
and flow rate of the water being dispensed from the spray
head 16. The flow control box 20 receives hot and cold water
from the water supply inlet hoses 26 to output the water of
a desired temperature and flow rate through the pull down
hose 24 to the spray head 16.

[0033] In another embodiment, flow control box 20 may
use more than two servo motors in order to control the
temperature and flow rate of the water. The flow control box
20 may also use a series of solenoids, needle valve, stepper
motor, etc. in order to control the temperature and flow rate
of the water depending on the circumstances.
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[0034] Referring to FIG. 5, there is shown progressive
movement of the faucet handle 14 from an initial position
where no water is being released to a fully extended position
where the flow rate of water is at a maximum. In the example
shown, the faucet body 12 is connected to the stationary
faucet handle mount 32. The movable faucet handle mount
34 is movably connected to the stationary faucet handle
mount 32. The faucet handle 14 is connected to the movable
faucet handle mount 34 so a user can maneuver the faucet
handle 14 along one axis as shown in relation to the faucet
body 12.

[0035] In the shown embodiment, there are three different
positions as the faucet handle 14 starts from an initial
position rotating all the way to the fully extended position in
phantom. In another embodiment, there may be a plurality of
positions that the faucet handle 14 can achieve between an
initial position to a fully extended position. In one embodi-
ment, as the faucet handle 14 is rotated in the way shown in
FIG. 5, the faucet handle 14 sends signals to the controller
18 to control the flow control box 20 to release more water
of a temperature determined as discussed below. In one
embodiment, the faucet 10 does not release any water when
the faucet handle 14 is in the initial position. The faucet 10
begins to release water of variable amounts when the faucet
handle 14 is rotated from the initial position depending on
the position of the faucet handle 14. The sensor PCBA 30
detects the position using the gyroscope 46, the magnetom-
eter 48, and/or the accelerometer 50 and sends signals to the
controller 18 to determine how much water is to be released.
The controller 18 then sends a signal to the flow control box
20 to release water of a determined flow rate out of the pull
down hose 24 to the spray head 16 through the use of the
servo motors 42, 44.

[0036] Referring to FIG. 6, there is shown rotation of the
faucet handle 14 from an initial position to one side and from
the initial position to the other side. In the example shown,
the faucet handle 14 is connected to the movable faucet
handle mount 34 that connects to the stationary faucet
handle mount 32 (FIG. 3) which is connected to the faucet
body 12. The connections allow the faucet handle 14 to
rotate as shown. There is one initial position of the faucet
handle 14 and four other positions shown in phantom. In
another embodiment, there is a plurality of positions that the
faucet handle 14 can achieve between the fully extended left
position to the fully extended right position.

[0037] In one embodiment, as the faucet handle 14 is
rotated along the axis of rotation the temperature of water
the flow control box 20 releases to the pull down hose 24
connected to the spray head 16 changes. The faucet handle
14 detects its position using the sensor PCBA 30 and sends
a signal to the controller 18. The controller 18 determines a
temperature of the water to be released from the spray head
16 depending on the spatial orientation of the faucet and
sends a signal to the flow control box 20 to output water of
a certain temperature and flow rate through the pull down
hose 24 to the spray head 16 as discussed above. The flow
control box 20 can control the servo motors 42, 44 to release
a specific amount of cold and hot water from the water
supply inlet hoses 26 to achieve the desired temperature for
the water released from the pull down hose 24 to the spray
head 16.

[0038] Inone embodiment, the fully extended left position
of the faucet handle 14 could be for the release of the hottest
water available. The fully extended right position of the
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faucet handle 14 can be for the release of the coldest water
available. The initial position of the faucet handle 14 can be
for the release of an even mix of hot and cold water
available. The positions in between the fully extended left
position of the faucet handle 14 and the fully extended right
position of the faucet handle 14 can be varying mixes of hot
and cold water to achieve relatively cold water or relatively
hot water. The water can become progressively colder or
hotter depending on which direction the faucet handle 14 is
rotating towards. In another embodiment, the cold and hot
directions may be switched so the fully extended left posi-
tion of the faucet handle 14 can be for the release of the
coldest water available and the fully extended right position
of the faucet handle 14 can be for the release of the hottest
water available.

[0039] Referring to FIG. 7, a table is shown that shows an
example distribution of water from water supply inlet hoses
26 released through flow control box 20. The table covers
the range of motion available for the faucet handle 14. The
sections are labeled with section numbers 71 and are located
along a spectrum of percentage water flow 72 and a tem-
perature turn value 73. The sections further include a value
for the servo motor 1 water inlet 74 and a value for the servo
motor 2 water inlet 75. In one embodiment, the value for the
servo motor 1 inlet 74 can represent the cold water value and
the value for the servo motor 2 inlet 75 can represent the hot
water value. In another embodiment, the servo motor values
74, 75 may be switched so that the value for servo motor 1
inlet 74 represents the hot water value and the value for
servo motor 2 inlet 75 represents the cold water value. In the
shown example, the percentage of water flow 72 ranges from
0 to 100% with four divisions. In one embodiment, the
percentage of water flow 72 can be 25%, 50%, 75%, and
100%. In another embodiment, the percentage of water flow
72 may be divided in any way between 0 to 100%.

[0040] The temperature turn value 73 can represent the
amount of rotation that is achieved for the faucet handle 14.
For example, P can represent the fully extended right posi-
tion of the faucet handle 14 and -P can represent the fully
extended left position of the faucet handle 14. In another
embodiment, the positions may be switched so P can rep-
resent the fully extended left position of the faucet handle 14
and —P can represent the fully extended right position of the
faucet handle 14. In the shown example, there are five
divisions along the spectrum of temperature turn values 73.
In another embodiment, there may be any number of divi-
sions. In another embodiment, P may be divided into quar-
ters and sixths. The temperature turn value 73 can be divided
into a plurality of divisions.

[0041] The table is divided into several sections as shown
in FIG. 7. Each section represents a location the faucet
handle 14 can be located during operation. If the faucet
handle 14 is located within one of the sections then the
faucet 10 would release water according to the values 74, 75
within the section. For example, if the faucet handle 14 has
been extended between 75% to 100% of the percentage of
water flow 72 and the faucet handle 14 has been turned to a
value between 2 P/3 and P for the temperature turn value 73,
the faucet 10 would release 100 or the maximum amount of
water from servo motor 2 44 and no water for servo motor
142.

[0042] In another embodiment, the table shown in FIG. 7
can be divided into a plurality of sections such that a
continuous change of water flow from water supply inlet
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hoses 26 through the servo motors 42, 44 can be achieved as
the faucet handle 14 changes location along the spectrum of
percentage of water flow 72 and temperature turn value 73.
In the shown example, the values have a fixed maximum
depending on where the faucet handle 14 is located along the
spectrum of percentage of water flow 72. The servo motor 42
or 44 side that the faucet handle 14 is located under has the
maximum percentage of water flow 72 for the value for
servo motor inlet 74 or 75 and the other value for servo
motor inlet 74 or 75 is decremented down to zero on the far
end depending on how many divisions there are for the
temperature turn value 73. In the shown example, there are
five divisions and within the first division on each side both
of the values for the servo motor inlets 74, 75 are at the
maximum depending on where along the spectrum the
faucet handle 14 falls on the percentage of water flow 72.
Within the next division, the value for the servo motor inlet
74 or 75 for the side the faucet handle 14 is located stays the
maximum value and the other value for the servo motor inlet
74 or 75 drops to half of the maximum value. Within the last
division, the value for the servo motor inlet 74 or 75 for the
side the faucet handle 14 is located stays the maximum value
and the other value for the servo motor inlet 74 or 75 drops
to zero.

[0043] In another embodiment, the values for the servo
motor inlets 74, 75 may be decremented in a different way.
In another embodiment, the values 74, 75 may be decre-
mented by thirds. The settings for the divisions may be
changed depending on user preference. More divisions can
result in a more continuous change in water temperature and
water flow. The fewer divisions can result in energy con-
servation since the servo motors 42, 44 will not need to be
changed in operation as frequently.

[0044] The controller 18 can receive the signals from the
sensor PCBA 30 to detect the spatial orientation of the faucet
handle 14. The controller 18 can use an algorithm to
calculate where in the spectrum of percentage of water flow
values 72 and temperature turn values 73 the faucet handle
14 is located from the signals received from the sensor
PCBA 30. After crossing a threshold for either percentage of
water flow values 72 or temperature turn values 73, the
controller 18 can send signals to the flow control box 20 to
operate the servo motors 42, 44 to release water of an
updated temperature and water flow depending on the spatial
orientation of the faucet handle 14.

[0045] In another embodiment, the controller 18 can use a
look-up table to see what values the controller 18 should set
for the values of the servo motor water inlets 74, 75. The
controller determines the spatial orientation of the faucet
handle 14 and determines which section the faucet handle 14
is located. If the faucet handle 14 located in section number
16 71, then the controller 18 sends a signal to the flow
control box 20 to close the water supply inlet hose 26 for
servo motor 1 42 and open the water supply inlet hose 26 for
servo motor 2 44 to the maximum in order to achieve the
value for servo motor inlet 1 74 of 0 and the value for servo
motor inlet 2 75 of 100.

[0046] FIG. 8 is a simplified flow chart showing an
example operation of the faucet 10. In the shown example,
the faucet 10 uses an interrupt method 80 of controlling the
operation of the flow control box 20. In the shown example,
the interrupt method 80 begins with operation 81 in which
the controller 18 is in a sleep state to conserve energy
waiting to receive an interrupt from the sensor PCBA 30 or
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inertial motion unit (IMU) sensor 30. After operation 81, the
process continues to operation 82 where there is a check for
an interrupt from the IMU sensor 30. If there is an interrupt
received from the IMU sensor 30, then the process continues
to operation 83. If an interrupt is not received, then the
process returns to operation 81 for the controller 18 to sleep.

[0047] After the process continues to operation 83, the
controller 18 will read the IMU sensor 30 position to
determine the spatial orientation of the faucet handle 14.
After the controller 18 reads the IMU sensor 30, the process
continues to operation 84 where the controller 18 will use an
algorithm to calculate the servo motor 42, 44 positions or
look-up table for the servo motor 42, 44 positions according
to the determined spatial orientation of the faucet handle 14.
After the controller 18 determines the servo motor 42, 44
positions, the process continues to operation 85 where the
controller 18 sends a signal to the flow control box 20 to
change the servo motor 42 or 44 position to change the cold
water value being released through pull down hose 24 to
spray head 16. After the servo motor 42 or 44 position is
changed, the process continues to operation 86 where the
controller 18 sends a signal to the flow control box 20 to
change the servo motor 42 or 44 position to change the hot
water value being released through pull down hose 24 to
spray head 16. After both servo motor 42, 44 positions are
updated, the process returns to operation 81. In another
embodiment, the hot water value may be changed first
before the cold water value and so the corresponding servo
motor 42 or 44 would change.

[0048] In another embodiment, the controller 18 may
further wait for another interrupt after receiving an initial
interrupt from the IMU sensor 30 to update the positions of
the servo motors 42 or 44. The delay can be to wait for the
final position the user intends to position the faucet handle
14. The delay may be a set predetermined period of time for
the controller 18 to wait to receive additional interrupts.
Therefore, the faucet 10 would only need to go through the
process once instead of multiple times depending on how
many sections the faucet handle 14 crosses.

[0049] FIG. 9 is a simplified flow chart showing an
example operation of the faucet 10. In the shown example,
the faucet 10 uses a polling method 90 of controlling the
operation of the flow control box 20. In the shown example,
the polling method 90 begins with operation 91 in which the
controller 18 starts and turns on. After the controller 18 is on,
the process continues to operation 92 where the controller 18
reads the IMU sensor 30 position to determine the spatial
orientation of the faucet handle 14. After the controller 18
reads the IMU sensor 30, the process continues to operation
93 where the controller 18 will use an algorithm to calculate
the servo motor 42, 44 positions or look-up table for the
servo motor 42, 44 positions according to the determined
spatial orientation of the faucet handle 14. After the con-
troller 18 determines the servo motor 42, 44 positions, the
process continues to operation 94 where the controller 18
sends a signal to the flow control box 20 to change the servo
motor 42 or 44 position to change the cold water value being
released through pull down hose 24 to spray head 16. After
the servo motor 42 or 44 position is changed, the process
continues to operation 95 where the controller 18 sends a
signal to the flow control box 20 to change the servo motor
42 or 44 position to change the hot water value being
released through pull down hose 24 to spray head 16. After
both servo motor 42, 44 positions are updated, the process
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returns to operation 91. In another embodiment, the hot
water value may be changed first before the cold water value
and so the corresponding servo motor 42 or 44 would
change.

[0050] The polling method 90 can allow for a more
continuous change in water flow and temperature than the
interrupt method 80 because there is not a wait for an
interrupt by the IMU sensor 30. However, the polling
method 90 expends more energy by constantly updating the
process. In one embodiment, the user can set the method of
operation for the faucet 10. For example, there may be a
switch (not shown) that can be used to change the method of
operation for the faucet 10.

[0051] In some embodiments, the controller 18 could be
configured to output the reading from the IMU sensor 30 to
one or more output devices. For example, the faucet could
include a user interface and the controller 18 could update
the user interface based on the spatial orientation of the
handle detected by the IMU sensor 30. Consider an example
faucet with a user interface that includes one or more LEDs.
In this example, the controller 18 could adjust the color of
the LEDs based on the spatial position reading of the IMU
sensor 30 to indicate a temperature of the water (e.g., blue
to red for cold to warm). Continuing with this example, the
controller 18 could also indicate a flow rate of water by
adjusting the intensity of the LEDs, such as less intense for
less flow and more intense for more flow. The user interface
being one or more LEDs is mentioned solely for purposes of
example, but could be any type of output device that
provides information to the user, such as audible, haptic,
text, symbols, etc. For example, in an accessibility setting,
the controller 18 could output an audible sound with a higher
frequency for warmer water and a lower frequency for
cooler water based on the spatial orientation detected by the
IMU sensor, which could be particularly useful for a visu-
ally-challenged user. In some embodiments, the user inter-
face could be separate from the faucet, such as using
wireless communications with a user’s phone, tablet or other
electronic devices. For example, the faucet could wirelessly
output the relative or actual temperature and/or flow rate to
a user’s phone using Bluetooth™, WiFi or other wireless
protocol.

[0052] In some embodiments, the controller 18 could
wirelessly communicate the reading from the IMU sensor 30
(i.e., the flow rate and/or temperature) to other electronic
devices, such as home automation systems surrounding the
faucet. Consider an example in which the controller 18 could
wirelessly communicate the readings from the IMU sensor
30 with a water management system. With faucets through-
out a building that include a handle with an IMU sensor 30,
a total water usage could be calculated by the water man-
agement system based on flow rates corresponding from the
positional reading from the IMU sensor 30 and adding
together the flow rates of faucets throughout the building.

EXAMPLES

[0053] Illustrative examples of the faucet disclosed herein
are provided below. An embodiment of the faucet may
include any one or more, and any combination of, the
examples described below.

[0054] Example 1 is a faucet including a faucet body and
a faucet handle. An inertial motion unit sensor is mounted
inside the faucet handle to sense spatial orientation of the
faucet handle. The faucet includes an electronic flow control
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system to adjust flow volume and temperature of water
being dispensed. The faucet includes a controller configured
to receive signals from the inertial motion unit sensor and
control the electronic flow control system to adjust flow
volume and temperature of water being dispensed based
upon the position of the faucet handle.

[0055] In Example 2, the subject matter of Example 1 is
further configured such that the inertial motion unit sensor
includes at least one of a gyroscope, a magnetometer, or an
accelerometer.

[0056] In Example 3, the subject matter of Example 1 is
further configured such that a range of movement along a
first axis of the faucet handle adjusts the flow volume of
water being dispensed.

[0057] In Example 4, the subject matter of Example 3 is
further configured such that a range of movement along a
second axis of the faucet handle adjusts the temperature of
the water being dispensed, where the first axis and the
second axis are not coplanar.

[0058] In Example 5, the subject matter of Example 1 is
further configured such that the electronic flow control
system includes an electronic valve configured to control the
flow volume of water being dispensed and wherein the
controller is configured to control flow through the elec-
tronic valve based on a signal from the inertial motion unit.
[0059] In Example 6, the subject matter of Example 1 is
further configured such that the controller is programmed
with an algorithm configured to interpret a sensor output of
the inertial motion unit to adjust the flow volume and
temperature of water being dispensed.

[0060] In Example 7, the subject matter of Example 1 is
further configured such that the controller is configured to
use a look-up table to interpret a sensor output of the inertial
motion unit to adjust the flow volume and temperature of
water being dispensed.

[0061] In Example 8, the subject matter of Example 1 is
further configured with a flow control box is configured to
be connected to at least two of a plurality of water supply
inlet hoses and at least one outlet hose in fluid communi-
cation with the faucet body. The flow control box includes
the electric flow control system.

[0062] In Example 9, the subject matter of Example 1 is
further configured such that the controller is configured to
substantially continuously check for an interrupt from the
inertial motion unit to read the inertial motion unit sensor in
order for controlling the electronic flow control system to
adjust the flow volume and temperature of water.

[0063] In Example 10, the subject matter of Example 1 is
further configured such that the controller is configured to
substantially continuously read the inertial motion unit in
order for controlling the electronic flow control system to
adjust the flow volume and temperature of water.

[0064] In Example 11, the subject matter of Example 1 is
further configured with a user-selectable portion in electrical
communication with the controller from which reading the
inertial motion unit can be selected between: (1) substan-
tially continuously checking for an interrupt from the inertial
motion unit to read the inertial motion unit sensor; and (2)
substantially continuously reading the inertial motion unit.
[0065] In Example 12, the subject matter of Example 1 is
further configured with a user-selectable portion in electrical
communication with the controller from which interpreta-
tion of sensor output of the inertial motion unit can be
adjusted: (1) by adjusting an algorithm configured to inter-
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pret a sensor output of the inertial motion unit to adjust the
flow volume and temperature of water being dispensed;
and/or (2) adjusting at least a portion of a look-up table to
interpret a sensor output of the inertial motion unit to adjust
the flow volume and temperature of water being dispensed.
[0066] Example 13 provides a method of controlling a
flow volume and a temperature of water dispensed from a
faucet. The method includes providing a faucet including a
faucet body and a faucet handle. An inertial motion unit
sensor measures a spatial orientation of the faucet handle. A
controller receives a measurement of the spatial orientation
of the faucet handle from the inertial motion unit sensor. The
controller provides a signal to an electric flow control
system to adjust the flow volume and temperature of water
being dispensed. The electric flow control system adjusts the
flow volume and temperature of water dispensed based upon
the measurement of the spatial orientation of the faucet
handle.

[0067] In Example 14, the subject matter of Example 13 is
further configured such that the inertial motion unit sensor
includes at least one of a gyroscope, a magnetometer, or an
accelerometer.

[0068] In Example 15, the subject matter of Example 13 is
further configured by adjusting the flow volume of water
dispensed based upon a range of motion along one axis of
the faucet handle.

[0069] In Example 16, the subject matter of Example 13 is
further configured by adjusting the temperature of water
dispensed based upon a range of motion along one axis of
the faucet handle

[0070] In Example 17, the subject matter of Example 13 is
further configured such that the electronic flow control
system includes at least two of a plurality of servo motors to
control the flow volume of water being dispensed.

[0071] In Example 18, the subject matter of Example 13 is
further configured by interpreting the measurement of the
spatial orientation of the faucet handle with the controller by
using an algorithm to adjust the flow volume and tempera-
ture of water being dispensed.

[0072] In Example 19, the subject matter of Example 13 is
further configured by interpreting the measurement of the
spatial orientation of the faucet handle with the controller by
using a look-up table to adjust the flow volume and tem-
perature of water being dispensed.

[0073] In Example 20, the subject matter of Example 13 is
further configured by connecting at least two of a plurality
of water supply inlet hoses and at least one of an outlet hose
in fluid communication with the faucet body. The flow
control box includes the electric flow control system.
[0074] In Example 21, the subject matter of Example 13 is
further configured by checking continuously for an interrupt
from the inertial motion unit with the controller to read the
inertial motion unit sensor in order to control the electronic
flow control system to adjust the flow volume and tempera-
ture of water.

[0075] In Example 22, the subject matter of Example 13 is
further configured by reading continuously the inertial
motion unit with the controller in order to control the
electronic flow control system to adjust the flow volume and
temperature of water.

[0076] In Example 23, the subject matter of Example 13 is
further configured such that the controller wirelessly
receives the measurement of the spatial orientation of the
faucet handle from the inertial motion unit sensor.



US 2017/0275860 Al

[0077] In Example 24, the subject matter of Example 13 is
further configured such that the controller wirelessly pro-
vides the signal to the electric flow control system to adjust
the flow volume and/or temperature of water being dis-
pensed.

[0078] In Example 25, the subject matter of Example 13 is
further configured such that the controller updates a user
interface to indicate temperature and/or flow rate being
dispensed based on a reading from the inertial motion unit.

What is claimed is:

1. A faucet comprising:

a faucet body;

a faucet handle;

an inertial motion unit sensor mounted in the faucet

handle to sense spatial orientation of the faucet handle;
an electronic flow control system to adjust flow volume
and temperature of water being dispensed; and

a controller configured to receive signals from the inertial

motion unit sensor and control the electronic flow
control system to adjust flow volume and temperature
of' water being dispensed based upon the position of the
faucet handle.

2. The faucet of claim 1, wherein the inertial motion unit
sensor includes at least one of a gyroscope, a magnetometer,
or an accelerometer.

3. The faucet of claim 1, wherein a range of movement
along a first axis of the faucet handle adjusts the flow volume
of water being dispensed, wherein a range of movement
along a second axis of the faucet handle adjusts the tem-
perature of the water being dispensed, wherein the first axis
and the second axis are not coplanar.

4. The faucet of claim 1, wherein the electronic flow
control system includes an electronic valve configured to
control the flow volume of water being dispensed and
wherein the controller is configured to control flow through
the electronic valve based on a signal from the inertial
motion unit.

5. The faucet of claim 1, wherein the controller is pro-
grammed with an algorithm configured to interpret a sensor
output of the inertial motion unit to adjust the flow volume
and temperature of water being dispensed.

6. The faucet of claim 1, wherein the controller is con-
figured to use a look-up table to interpret a sensor output of
the inertial motion unit to adjust the flow volume and
temperature of water being dispensed.

7. The faucet of claim 1, wherein the controller is con-
figured to substantially continuously check for an interrupt
from the inertial motion unit to read the inertial motion unit
sensor for controlling the electronic flow control system to
adjust the flow volume and/or temperature of water.

8. The faucet of claim 1, wherein the controller is con-
figured to substantially continuously read the inertial motion
unit for controlling the electronic flow control system to
adjust the flow volume and/or temperature of water.

9. The faucet of claim 1, further comprising a user-
selectable portion in electrical communication with the
controller from which reading the inertial motion unit can be
selected between: (1) substantially continuously checking
for an interrupt from the inertial motion unit to read the
inertial motion unit sensor; and (2) substantially continu-
ously reading the inertial motion unit.

10. The faucet of claim 1, further comprising a user-
selectable portion in electrical communication with the
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controller from which interpretation of sensor output of the
inertial motion unit can be adjusted: (1) by adjusting an
algorithm configured to interpret a sensor output of the
inertial motion unit to adjust the flow volume and tempera-
ture of water being dispensed; and/or (2) adjusting at least a
portion of a look-up table to interpret a sensor output of the
inertial motion unit to adjust the flow volume and tempera-
ture of water being dispensed.

11. A method of controlling a flow volume and tempera-
ture of water dispensed from a faucet, the method compris-
ing:

providing a faucet including a faucet body and a faucet

handle;

measuring, with an inertial motion unit sensor, a spatial

orientation of the faucet handle;

receiving, with a controller, a measurement of the spatial

orientation of the faucet handle from the inertial motion
unit sensor;

providing, with the controller, a signal to an electric flow

control system to adjust the flow volume and tempera-
ture of water being dispensed; and

adjusting, with the electric flow control system, the flow

volume and temperature of water being dispensed
based upon the measurement of the spatial orientation
of the faucet handle.

12. The method of claim 11, wherein the inertial motion
unit sensor includes at least one of a gyroscope, a magne-
tometer, or an accelerometer.

13. The method of claim 11, further comprising adjusting
the flow volume of water dispensed based upon a range of
motion along a first axis of the faucet handle and adjusting
the temperature of water dispensed based upon a range of
motion along a first axis of the faucet handle.

14. The method of claim 11, wherein the electronic flow
control system includes at least two of a plurality of servo
motors to control the flow volume of water being dispensed.

15. The method of claim 11, further comprising interpret-
ing, with the controller, the measurement of the spatial
orientation of the faucet handle with an algorithm to adjust
the flow volume and temperature of water being dispensed.

16. The method of claim 11, further comprising interpret-
ing, with the controller, the measurement of the spatial
orientation of the faucet handle with a look-up table to adjust
the flow volume and temperature of water being dispensed.

17. The method of claim 11, further comprising continu-
ously checking for an interrupt from the inertial motion unit
with the controller to read the inertial motion unit sensor in
order to control the electronic flow control system to adjust
the flow volume and/or temperature of water.

18. The method of claim 11, further comprising continu-
ously reading the inertial motion unit with the controller in
order to control the electronic flow control system to adjust
the flow volume and/or temperature of water.

19. The method of claim 11, wherein the controller
wirelessly receives the measurement of the spatial orienta-
tion of the faucet handle from the inertial motion unit sensor.

20. The method of claim 11, wherein the controller
wirelessly provides the signal to the electric flow control
system to adjust the flow volume and/or temperature of
water being dispensed.
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