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FLOW CONTROL SYSTEM
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Non-Provisional Patent Application
No. 13/115,971, filed on May 25, 2011, entitled Flow Control System, the entirety of which
is incorporated herein by reference. For purposes of the United States, this application is a
continuation-in-part of United States Non-Provisional Patent Application No. 13/115,971,
filed on May 25, 2011, and claims priority to United States Provisional Patent Application
No. 61/348,000, filed on May 25, 2010, entitled Adaptive Fluid Management, the entirety

of which is incorporated herein by reference.
BACKGROUND

[0002] Fluid conservation systems, including water conservation systems, have been in use
for at least the past 30 years. These systems generally fall into the following categories:
passive full time flow rate restrictors; manually activated one-flow rate systems; manually
activated two-flow rate systems; timer controlled two-flow rate systems; fluid
recovery/recirculation systems; and fluid aeration or embolization systems. Passive full
time flow restrictors are the most common conservation methods employed to date. While
a variety of devices and techniques may exist for conserving and/or limiting fluid use, it is
believed that no one prior to the inventors has made or used an invention as described

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] While the specification concludes with claims which particularly point out and
distinctly claim the invention, it is believed the present invention will be better understood
from the following description of certain examples taken in conjunction with the
accompanying drawings. In the drawings, like numerals represent like elements throughout

the several views.

[0004] FIG. 1 depicts a perspective view, and FIG. 2 a partial cross-sectional schematic
view, of a fluid flow control system which is particularly adapted for use in shower

environment.

[0005] FIGS. 3A and 3B depict schematic views of an installation of the flow control

system of FIG. 1, wherein the housing is slightly modified from that shown in FIG. 1.
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[0006] FIG. 4 is a schematic end view of an alternative embodiment of a flow control
device.
[0007] FIG. 5 is a side schematic view of the flow control device of FIG. 3.
[0008] FIGS. 6A and 6B depict schematic views of an installation of an alternative

embodiment of a flow control system having a second remote proximity sensor.

[0009] FIG. 7 is a schematic illustration of yet another alternative embodiment of a flow

control system.

[0010] FIG. 8 is an exploded view of a flow measurement device suitable for use in the flow

control systems described herein.

[0011] FIG. 9 is a schematic illustration of an alternative embodiment of a flow control

system.

[0012] FIG. 10 depicts a partial cross-sectional schematic view of a modified flow control
system similar to that shown in FIG. 2, wherein the flow measurement device of FIG. 8 is

provided therein.

[0013] FIG. 11 is a block diagram of the control logic used in the flow control system
depicted in FIG. 7.

[0014] FIG. 12 depicts exemplary operational states for the flow control system of FIG. 7.

[0015] FIG. 13 is an exploded schematic illustration of an alternative embodiment of an
integrated flow measurement device and flow control device for use in the embodiment

shown in FIG. 10.

[0016] FIG. 14 is a schematic, partial cross-sectional view of the assembled embodiment

shown in FIG. 13.
[0017] FIG. 15 is the same view as FIG. 14, wherein water flow is schematically illustrated.

[0018] FIG. 16 is a downstream plan view of a rotating valve disc (i.e., plate) for use in the

assembly of FIG. 13.

[0019] FIG. 17 is an upstream plan view of a stationary valve disc (i.e., plate) for use in the

assembly of FIG. 13.
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[0020] FIG. 18 is an upstream plan view of an alternative embodiment of a stationary valve

disc (i.e., plate) for use in the assembly of FIG. 13.

[0021] FIGS. 19A-19D schematically depict a downstream plan view of the combined
rotating valve disc of FIG. 16 and the stationary valve disc of FIG. 18, showing the

regulation of fluid flow by relative rotation of the discs.

[0022] The drawings are not intended to be limiting in any way, and it is contemplated that
various embodiments of the invention may be carried out in a variety of other ways,
including those not necessarily depicted in the drawings. The accompanying drawings
incorporated in and forming a part of the specification illustrate several aspects of the
present invention, and together with the description serve to explain the principles of the
invention; it being understood, however, that this invention is not limited to the precise

arrangements shown.
DETAILED DESCRIPTION

[0023] The following description of certain examples should not be used to limit the scope
of the present invention. Other features, aspects, and advantages of the versions disclosed
herein will become apparent to those skilled in the art from the following description, which
is by way of illustration, one of the best modes contemplated for carrying out the invention.
As will be realized, the versions described herein are capable of other different and obvious
aspects, all without departing from the invention. It will be apparent to one skilled in the art
that the systems, methods, and devices described herein are applicable to many application
domains which comprise a variety of fluid types and sources, external objects, optimization
parameters and objectives, and application specific control strategies. Accordingly, the

drawings and descriptions should be regarded as illustrative in nature and not restrictive.

[0024] As used herein, the term "fluid communication” (or in some contexts
"communication") means that there is a path or route through which fluid (e.g., water) may
flow between two components, either directly or through one or more intermediate
components. In other words, fluid communication between two components means that
fluid can flow from one component to another but does not exclude one or more
intermediate components between the two recited components which are in fluid
communication. Thus, a fluid inlet and outlet are in "fluid communication" with one

another, even though there are one or more conduits extending therebetween as well as one
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or more valves which serve to regulate the flow of fluid between the inlet and outlet. The
term "electrical communication" is similarly defined to mean that there is a path or route
through which an electrical current (e.g., a signal) may flow between two components,

either directly or through one or more intermediate components.

[0025] The apparatus and methods described herein provide fluid flow control systems,
particularly water flow control systems for regulating the flow rate and/or other parameters
of water flow. In some embodiments, water flow rate through the system is controlled
based on a signal from one or more proximity sensors which detect the position of an object
with respect to the sensor and/or a water outlet (e.g., a shower head). As used herein, the
term shower head is meant to include any of a variety of water emitting devices used for
showering purposes, including not only fixed shower heads for attachment to a fluid outlet,
but also shower heads configured for handheld use (e.g., demountable showerheads located
on the end of a flexible tube which is attached to a fluid outlet). In other embodiments,
water flow rate (and, in some embodiments, water temperature) is controlled using a
programmable controller (pre-programmed and/or user-programmed), and one or more fluid

flow sensors, temperature sensors, timers, and/or proximity sensors.

[0026] Some embodiments described herein are used in conjunction with bathing showers
or sink faucets such as those typically found in a home. In a conventional home shower
arrangement, for example, a water feed tube extends out of the wall of a shower enclosure
(which may be a shower stall, a shower surround, a tub surround, etc.). The exposed end of
the feed tube is usually threaded (typically, externally-threaded), and a shower head is
threadably attached to the exposed end of the water feed tube. Water flow through the feed
tube and the attached shower head is controlled, for example, by one or more handles
provided on the wall of the shower enclosure. A single handle may control both flow rate
and temperature, or two handles may be provided (one for hot water, the other for cold). In
the case of a shower provided in a bathtub surround and the like, water flow through the
shower head is controlled using one or two handles provided on the tub spout assembly or
on the wall just above the tub faucet. A diverter mechanism may also be provided in order

to direct water through the shower head rather than through the tub spout.

[0027] FIGS. 1-3B schematically depict an exemplary fluid flow control system (10) which
is configured for use, for example, in a shower environment. Fluid flow control system

(10) regulates fluid flow through the system using position sensing, and may be used, for
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example, to reduce water consumption. A user, such as a bather in a shower environment,
may control (either purposefully or as dictated by the control scheme in the system) the
water flow rate simply by changing their position in the shower stall (or other area where
the system is installed). Fluid flow is varied based on the detected distance of an object
(e.g., a bather) from the sensor. By way of example, fluid flow is varied proportional to the
detected distance of the bather (or other object) from the sensor. In one specific example,
proportional flow regulation provides maximum fluid flow when the user (or other object)
is nearest a proximity sensor and/or the shower head (e.g., within a certain predetermined
distance), minimum (or zero) when the user is furthest away from the sensor/shower head
(including where the user is undetected), and at least one (or a plurality, or infinite number
of ) intermediate fluid flow rates when the user is located somewhere between (e.g., when
the user is detected, but is further away than the predetermined distance for maximum

flow).

[0028] For example, full flow may be provided when the user is nearest to the system (10),
and the flow rate may be reduced (continuously or in one or more steps) as the user moves
away from the system (10). This allows for the water flow rate through the shower head to
be reduced, for example, when the user is washing their hair, shaving legs, or engaged in
some other activity when a lower water flow rate (or no water flow) is desired or
advantageous. In some embodiments, flow control system (10) is configured to only allow
water flow when an object is detected (e.g., a bather enters the shower enclosure), while in
other embodiments system (10) may be configured to allow a predetermined flow rate (e.g.,
a low flow rate) whenever water is supplied to the system (10) regardless of whether or not

an object is detected.

[0029] As further described herein, fluid flow control system (10) is self-contained,
requiring no external devices for operation. For example, a homeowner may attach a distal
end of system (10) to the water feed tube of a shower enclosure, and attach a shower head
to the proximal end of system (10). In the embodiment shown in FIG. 1, no other
connections are necessary. In some embodiments, power for the electrical components of
the fluid flow control system is generated by the water flowing through the system and the
generated power is stored in a rechargeable battery within the fluid flow control system. As

also described below, alternative embodiments of the fluid flow control system may include
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other external components such as a user interface (e.g., a wall-mounted keypad) and/or one

or more additional proximity sensors.

[0030] As seen in FIGS. 1-2, water flow control system (10) generally comprises a housing
(12), a water inlet (14) on a distal end of housing (12), a water outlet (16) on a proximal end
of housing (12), and a proximity sensor (18). Inlet (14) and outlet (16) are configured to be
selectively in fluid communication with each other Water inlet (14) includes an internally
threaded coupling (24) which is configured for threadably attaching system (10) to an
externally-threaded water feed tube (22), such as the type typically found in home shower
enclosures. By way of example, feed tube (22) may comprise a water supply pipe
extending out of (or away from) the wall (40) of a shower enclosure (see FIG. 3A). As
described previously, water flow through feed tube (22) may be controlled, for example, by
one or more handles (42) provided on the wall of the shower enclosure (see FIG. 3A) or on
a spout assembly in the case of a shower provided in a bathtub surround. It will also be
understood that he flow control systems described herein may be used in any of a variety of
shower environments, whether fully or partially enclosed, or even fully open shower

installations (e.g., an open area such as found in a locker-room or other non-enclosed area).

[0031] Water outlet (16) is provided at the other end of housing (12) and is externally
threaded such that a shower head (26) may be attached thereto, as shown in FIG. 1. Any of
a variety of types of commercially-available shower heads (26) may be used in conjunction
with flow control system (10). Alternatively, a shower head may be integrally provided on

flow control system (10) such that water outlet (16) comprises a shower head.

[0032] When flow control system (10) is attached to water feed tube (22), water flowing
through feed tube (22) will flow into system (10) through inlet (14), through a fluid
passageway provided in housing (12), and exit system (10) through outlet (16). The fluid
passageway within housing (12) extends from water inlet (14) to water outlet (16). As
further described herein, the fluid passageway in the embodiment of FIGS. 1-2 includes
fluid conduits (36, 38), and a flow control device (30) (e.g., a controllable valve) is located

between (or even within one or both of) the fluid conduits (36, 38).

[0033] In the embodiment shown in FIGS. 1 and 2, proximity sensor (18) is provided on the
end of a proximity sensor arm (20) on housing (12). In the depicted embodiment, sensor
arm (20) is an integral part of housing (12) and is configured to orient proximity sensor (18)

in the proper location and direction. Sensor (18) generally includes a sensor cover or lens
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(19) though which reflected acoustic or electromagnetic waves are received from an
interrogation region for purposes for detecting the presence and location of an object within
the interrogation region, as further described herein. For this reason, sensor cover/lens (19)
is located and oriented so as to be directed toward the desired interrogation region (e.g., a
region located beneath, and in the water flow direction of, a shower head attached to system
(10)). In one embodiment, the sensor cover includes an open-celled foam which allows
acoustic or electromagnetic waves (e.g., ultrasonic waves) to pass therethrough (i.e., to or
from the transducer of the sensor (18)), while preventing water from contacting the
transducer. An air gap may also be provided between the open-celled foam and the

transducer in order to further prevent water from coming into contact with the transducer.

[0034] Sensor arm (20) is rigid so that the position and orientation of sensor (18),
particularly sensor cover (19), cannot be altered. In other embodiments, sensor arm (20)
may be adjustable so that the user may align sensor (18), particularly the transducer thereof,
based on the particular installation (e.g., the size of the shower enclosure, the size and style
of the shower head, etc.). In still other embodiments, sensor (18) may be separate from
housing (12), such as a remote proximity sensor mounted to a wall of the shower enclosure
(as further described herein). In addition, some embodiments include two or more
proximity sensors, such as one mounted on sensor arm (20), and one or more remote

proximity sensors mounted to a wall (or walls) of the shower enclosure.

[0035] Proximity sensor (also referred to as a proximity detector) (18) is configured to
detect the position of an object within an interrogation region located adjacent system (10)
and provides signals indicative of the object's position within that region. In the
embodiment of FIGS. 1-3B, the object is a user of the system (e.g., someone showering),
and sensor (18) generates signals indicative of the location of the user within a region
adjacent system (10). Any of a variety of sensors may be used for this purpose, including
active or passive acoustic and electromagnetic sensing systems, as well as an infrared
sensor. For example, sensors detecting a user's (or other object's) presence may be based on
detected or reflected sound waves (e.g., audible sound or ultrasound), reflected microwaves,
LIDAR-type sensors, or infrared-based detection (e.g., a sensor which detects the presence

and location of a user based on infrared radiation from the user).

[0036] In the particular embodiment shown in FIGS. 1-3B, sensor (18) comprises a

piezoelectric ultrasonic sensor which emits an interrogation field (46) of ultrasonic sound
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waves defining a cone-shaped interrogation region (44) extending away from the sensor
lens (19) of sensor (18). Since sensor arm (20) generally orients sensor (18) so that the
interrogation axis of sensor (18) is generally parallel to the axis of fluid outlet (16) (see
FIG. 2), the cone-shaped interrogation region (44) will generally extend away from a
shower head attached to outlet (16), as shown in FIGS. 3A and 3B. In order to maintain
alignment between the interrogation axis of sensor (18) and threaded water outlet (16),
water outlet (16) is fixed in position with respect to housing (12) and sensor arm (20).
Since it may be desired by the user to adjust the angle of the shower head, however, in an
alternative embodiment coupling (24) is pivotally attached to housing (12). In this manner,
a user may adjust the angle of the shower head by manipulating the entire housing (12)

without altering the alignment between sensor (18) and fluid outlet (16).

[0037] Sensor (18) also detects ultrasonic waves reflected from a user within the
interrogation region (44), and provides a range signal indicative of the location of a user
within the interrogation region (44). For example, in FIG. 3A, the bather (50) is within the
interrogation region (44) and the amplitude and timing of the acoustic echo (48) from the
interrogation field (46) shown in the amplitude vs. time plot of FIG. 3A indicates not only
the presence of the bather (50) within the interrogation region (44), but also the bather's
distance from sensor (18). Sensor (18) provides a signal indicative of the distance the
bather (50) is from sensor (18). As further described herein, the proximity signal generated

by sensor (18) is used to regulate the flow rate of water through flow control device (30).

[0038] By way of one specific example, sensor (18) comprises a Model T/R40-14.4A0-01
ultrasonic sensor available from Futurlec. Such sensor is driven by signals sent from a
controller provided in housing (12). 'The controller periodically sends a burst of electronic
pulses at the resonant frequency of sensor (18), such as a series of 20 pulses at 40 KHz. As
further described herein, the controller (32) may include not only a microcontroller, but also
transmitter circuitry which amplifies the electronic pulses and a Transmit/Receive switch
(T/R Switch) configured to transmit the pulses to the transducer of the sensor (18). After
the ultrasonic pulses are emitted by sensor (18) as an interrogation field, ultrasonic pulses
reflected from an object (e.g., a bather in the shower enclosure) are received by the
transducer of sensor (18) and provided to controller (32) (which is in electrical
communication with sensor (18)). The controller (32) circuitry includes a low-noise

amplifier (LNA) which amplifies the echo signals provided by the sensor transducer, and
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the amplified signals are then processed by an A/D converter provided in the controller
circuitry (e.g., an A/D converter included in a microcontroller). Thereafter, the echo signals
are further processed by controller (32) to determine the location of the user with respect to
the sensor (18)/shower head (26). Of course other types of piezoelectric ultrasound sensors
may be employed, including ultrasound sensor systems which not only generate the
ultrasonic pulses (i.e., are not driven by the controller of the system (10)), but also provide a
signal indicative of the distance to a detected object (i.e., the controller (32) does not need

to determine distance based on the echo pulses).

[0039] In FIG. 3B, the bather (50) has moved further away from sensor (18)—for example,
the bather is shaving. The amplitude of the acoustic echo (48) is thereby reduced, and the
acoustic echo (48) takes longer to reach sensor (18). Thus, the signals provided to
controller (32) (i.e., as shown in the time v. amplitude plot in FIG. 3B) indicate that the
bather is further away from sensor (18). If the bather were to move outside of the
interrogation region (44) either no echo signal is provided to controller (32), or the signal is
such (e.g., low amplitude) that the controller (32) interprets the echo signal as indicating
that the user is outside of the interrogation region (44). The size, shape and range of the
interrogation region can be altered by sensor choice, or even the type of acoustic sensor lens

employed.

[0040] In some instances, (e.g. very large shower enclosures or very small shower
enclosures), it is advantageous to tailor the analog amplification of the transducer response
signals through the use of a time-gain-control amplifier (I'GC). TGC amplifiers modify the
received signal gain prior to A/D conversion as a function of time after the conclusion of
the sensor's transmit burst. By increasing gain over time, receiver sensitivity is improved at
longer distances from the sensor, thereby accommodating a larger interrogation volume. By
decreasing the gain over time, receiver sensitivity is reduced at longer distances from the

sensor, thereby reducing the echo signal from the walls of smaller enclosures.

[0041] As mentioned above, water flow control system (10) further includes a controller
(32) depicted schematically in FIG. 2, as well as a power source (34) which provides power
not only to controller (32) but also sensor (18), flow control device (30), and other
components of system (10). In general, the power source (34) is configured to provide
sufficient and reliable power for operating low-voltage, low power consumption electronic

components for a reasonable period of time. Power source (34) may comprise, for example,
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a user-replaceable battery. In other embodiments, system (10) may be configured to
operate on household current, and therefore power source (34) may comprise a suitable
transformer which converts household current to a suitable low voltage current (e.g., 1 to 5
volt DC current). In some embodiments, and as further described herein, the flow control
system includes an internal turbine generator which generates electrical power from water
flowing through the system. In such embodiments, a rechargeable battery or supercapacitor
may be included for storing excess power generated by the turbine. Alternatively, where
the system generates power from flowing water, storage of excess power may not be
necessary (e.g., when the flow control system is configured to not need power when water

is not flowing through the system).

[0042] The controller (32) processes signals from sensor (18) in accordance with stored
instructions (e.g., one or more programs stored in memory) so as to generate signals which
control the operation of flow control device (30). Controller (32) can have any of a variety
of suitable forms and structures known to those skilled in the art. By way of example,
controller (32) can include one or more integrated circuits programmed to perform various
functions. Such structures are sometimes referred to as microcontrollers, and typically
include a processor, programmable memory, and input/output connectors for not only
receiving signals from one or more sensors (e.g., sensor (18)) but also transmitting signals
used to drive one or more components (e.g., flow control device (30)). However, the term
“controller” is not limited to microcontrollers, and includes one or more microcomputers,
PLCs, CPUs, processors, integrated circuits, or any other programmable circuit or
combination of circuits. Controller (32) can also include more than one microcontroller,
with certain tasks assigned to each microcontroller (e.g., one microcontroller programmed
to initiation operation of the flow control system upon detection of the flow of water

through the system).

[0043] Controller (32) may also include additional components and circuitry such as one or
more separate memories for storing instructions and data, one or more T/R Switches, one or
more amplifiers (e.g., an LNA), A/D Converter, a wireless transceiver (e.g.., to provide RF
communication between a remote proximity sensor and the microcontroller of controller
(32)), and other componentry known to those skilled in the art for providing the controller
functionality described herein. In one exemplary embodiment, the controller (32) includes

a Model PICI16LEF870 or PIC16LEF1827 microcontroller available from Microchip
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Technology, Inc., a T/R Switch (for transmitting and receiving signals to and from the
proximity sensor (18)), and a low noise amplifier for processing signals received from
sensor (18). This particular microcontroller includes an A/D converter, however, in other
embodiments a separate A/D converter may be provided. In addition, particularly when a
remote proximity sensor is included (instead of, or in addition to, sensor (18) provided on
sensor arm (20)), a wireless transceiver such as MRF49XA available from Microchip
Technology Inc. may be included in controller (32) to provide for wireless RF
communication between the microcontroller and the remote sensor (or other components

described herein, such as wall-mounted user interface).

[0044] Flow control device (30) is configured to regulate the flow of water through system
(10) in response to signals from controller (32). Flow control device (30) may comprise
any of a variety of structures suitable for controlling the flow of water from conduit (36) to
conduit (38). By way of example, flow control device (30) may comprise a motor-driven
valve, wherein the position of the valve is controlled via signals from controller (32) to the
motor which drives the valve between open and closed positions (fully open, fully closed,
or one or more positions between fully open and fully closed). Any of a variety of valve
types may be employed, including ball, butterfly, disc (including ceramic disc), diaphragm,
pinch, or spool valves. In the embodiment shown in FIG. 2, flow control device (30)
includes a disc valve (31) which is selectively actuated by motor (33) in response to signals
(i.e., drive current) from controller (32) to motor (33). Motor (33) is driven by DC current
supplied by controller (32) such that motor direction can be reversed simply by controller
(32) causing the polarity of the drive voltage to be reversed. In this manner, controller (32)
provides more rapid and continuous control of the flow rate. Motor (33) is also configured
to use a relatively high gear reduction (e.g., 300:1) in order to provide high starting and stall
torques which mitigate valve sticking due to contaminants and scale build-up. As further
described herein, a sensor may be provided in order to detect whether flow control device
(30) is open or closed, and provide a corresponding signal to controller 32. Alternatively,

such a sensor may detect the amount that flow control device (30) is open (e.g., 0 to 100%).

[0045] FIGS. 4 and 5 depict an alternative embodiment of a flow control device which may
be used in place of that depicted in FIG. 2. In this embodiment, conduits (36, 38) are
provided by flexible tubing (60). Water from the water supply travels through conduit (36)
and thereafter through conduit (38) to the shower head. Flexible tubing (60) which
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provides both conduits (36, 38) passes through a compression device composed of a
stationary frame (62) and a movable compression bar (64). Stationary frame (62) provides
mounting structure for the controllable motor (66) at the body of the motor and at the distal
portion of the actuating shaft. A rotatable operating cam (68) is provided to apply
compressive force on the movable compression bar (64) and then, by contact, to the flexible
tubing (60). As operating cam (68) is rotated by motor (66), the movable compression bar
(64) translates in the +z-direction and causes the cross-sectional area of flexible tubing (60)
to decrease. At its downward limit of travel, movable compression bar (64) causes the
tubing (60) to be compressed to the point that cross-sectional area of the tubing is
substantially zero, thereby preventing fluid flow therethrough. Controllable motor (66)
receives operating power and control through electrical connection (70) which receives

signals from controller (32).

[0046] Cam position sensor (72) (e.g., an optical sensor) senses the angular position of
operating cam (68) and causes a signal to be output through electrical connection (74) back
to controller (32) which indicates whether or not the pinch valve shown in FIGS. 4 and 5 is
open or closed (and optionally the amount open). Smooth protrusions (76) on movable
compression bar (64) and stationary frame (62) are provided to reduce motion of the
flexible tubing (60) along the x axis. Thus, the flow control device depicted in FIGS. 4 and
5 provides a pinch valve which controls fluid flow by selectively pinching flexible tubing

(60) in response to, for example, bather position sensed by proximity sensor (18).

[0047] It will be apparent to one skilled in the art that there are various alternative methods
by which the cross-sectional area of a flexible tube can be minimized to effect flow rate
control such as, but not limited to: an eccentric roller; a roller on an arm; or opposing
movable compression bars. Of course any of a variety of other types of valves can be
employed, such as, but not limited to: ball valves; needle valves; or gate valves. Further,
those skilled in the art will understand that other alternative energy sources or motive
mechanisms to actuate the flow rate control strategy can be used, such as, but not limited to:
hydraulic pressure; pneumatic pressure; or vacuum or suction. It also should be noted that a
sensor for detecting the valve position may also be included in the embodiment shown in
FIG. 2, such that the sensor signals back to controller (32) the current state of valve (31) in

HIG. 2.
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[0048] As will be discussed in more detail below, various other types of sensors and/or user
input devices (e.g., a keypad, one or more input keys, etc.) may be provided on system (10),
in communication with controller (32). The embodiment shown in FIG. 2 includes a
temperature sensor (79) configured to sense the temperature of water flowing through
conduit (36). Alternatively, temperature sensor (79) may be located to sense the
temperature of water in conduit (38), downstream of flow control device (30). Temperature
sensor (79) may comprise, for example, a linear active thermistor integrated circuit (e.g.,
MCP9701 from Microchip Technology In.), or a thermocouple, in communication with
controller (32) and provides a temperature signal thereto. As further described below,
controller (32) may be configured (e.g., programmed) to use the sensed temperature in

regulating water flow through system (10).

[0049] Flow control system (10) may be configured (programmed) to operate in any of a
variety of ways suitable for regulating flow rate based on the position of an object in a
region adjacent the system, as well as (in some embodiments) water temperature and/or

water flow rate.

[0050] By way of example, flow control device (30) and controller (32) may be configured
such that, in the absence of a signal from sensor (18) indicating the presence of a bather,
full flow through flow control device (30) is provided (e.g., the valve in flow control device
(30) is fully open). In such an arrangement, as soon as the user turns on the water so as to
provide water to inlet (14) of system (10), water will freely flow through shower head (26)
at its maximum flow rate. Thereafter, when the bather enters the shower enclosure and the
user's presence is detected within the interrogation region (44), the flow rate will be
regulated based on the location of the bather as detected by sensor (18). Maximum flow
rate (valve (31) 100% open) is maintained when the user is nearest the shower head. As the
user moves further away from the shower head (i.e., further away from sensor (18)), valve
(31) is closed (e.g., by an amount proportional to a predetermined distance of the user from
the shower head). If the user moves a predetermined distance from sensor (18) or out of the
interrogation region (44) entirely, controller (32) causes valve (31) to close even further
(e.g., to less than 10%, or less than 5% open), or even entirely closed such that no water

flows through the shower head.

[0051] In embodiments which employ both proximity and temperature sensors, the sensed

temperature may be used, for example, to conserve water by limiting the flow rate once a
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preset water temperature has been reached—particularly if no user is detected in the
interrogation region. Such an arrangement provides the additional benefit of allowing a
user to turn on the water supply to a shower head and allow the water temperature to reach a
desired or appropriate preset temperature before the user enters the shower enclosure. Once
the preset temperature is reached, water flow is reduced by the system until the presence of
a user is detected by the proximity sensor. The preset temperature may be built into (i.e.,
stored in memory or otherwise programmed in the controller) the system. Such a preset
temperature may be chosen to correspond to an expected minimum bathing temperature
(e.g., 85F). In such a system, the controller does not use this preset temperature to control
water temperature. Rather, the preset temperature is simply used to determine whether or
not a user has begun a bathing session, rather than use of the shower for some other purpose

(e.g., cleaning the shower enclosure, bathing a pet, etc.).

[0052] Alternatively, system (10) may be configured such that the user may input the
desired temperature. For example, one or more input devices (e.g., a keypad, one or more
buttons, a touchscreen, etc.) may be provided on housing (12), or on a user interface which
communicates with controller (32) (wired or wirelessly). For example, a user interface may
be mounted on a wall of the shower enclosure, as further described herein. Alternatively,
system (10) may be configured to wirelessly communicate (e.g., via RF, ultrasound or
infrared signals) with a remote user interface such as an interface similar to a television
remote control. In the case of a remote user interface which communicates via ultrasound,
the transmitter of the user interface may even be tuned to the resonant frequency of the
proximity sensor (18) such that the user interface communicates with the controller (32) via

proximity sensor (18).

[0053] As yet another alternative, system (10) may be configured to wirelessly
communicate with a personal computer, or even a handheld computing device such as a
"smartphone" which communicates with controller (32) via a suitable program loaded into
the smartphone which communicates with controller (32) via RF (e.g., BlueTooth or WiFi
standards). The user interface, regardless of type, allows the user to set or change the preset
temperature used by controller (32) (e.g., using a wall mounted user interface having keys
labeled with up and down arrows, along with a display screen showing the preset

temperature).
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During use of a system incorporating both proximity and temperature sensors,
system (10), particularly controller (32) thereof, may initiate the start of a shower cycle.
Initiation of a shower cycle may occur upon user input (e.g., the bather presses an input
button on system (10)), or system (10) may initiate a shower cycle upon sensing water flow
through the system or even upon the detection of an abrupt temperature change (indicating
the flow of water at a temperature different than the ambient temperature). By way of
example, a fluid flow sensor may be provided in system (10) such that, when the bather
turns on the faucet to supply water to inlet (14), the fluid flow sensor provides a flow signal
to controller (32), which then initiates a new shower cycle. Controller (32) may also be
programmed such that water flow is stopped (or significantly reduced) if a predetermined
period of time has elapsed since initiation of a bather session with the temperature not
reaching the preset temperature described above. Alternatively, controller (32) may initiate
a shower cycle when the water temperature is stabilized at or above the preset bathing

temperature.

In one embodiment, after water flow through system (10) is detected, controller (32)
maintains full flow (e.g., valve (31) is fully open) at least until the sensed temperature is
stable (based on, for example, the temperature not varying by more than a predetermined
amount during a period of time). If the stabilized temperature is less than the preset bathing
temperature (e.g., 85F), controller (32) will maintain maximum water flow. This provides a
"system override" feature whereby flow control does not occur when water from the shower
head is being used for purposes other than bathing, such as to clean the shower enclosure,
wash a pet, or other instances in which a bathing temperature (i.e., a temperature at or above

the preset bathing temperature) is not desired or necessary.

Once the water temperature is stable (stabilized temperature) at or above the preset
bathing temperature, and the presence of a user in the interrogation region has not been
detected, the flow rate is reduced to a "keep pipes warm" setting (e.g., less than 1 gpm, less
than 0.5 gpm, or about 0.1gpm, or a reduced % opening of valve (31) such as 10%, or
5%)—also referred to as a temperature maintenance mode. By allowing some water to
continue to flow, the water temperature is maintained without wasting water prior to the
user entering the shower enclosure. Controller (32) may also be configured to increase
water flow if the sensed temperature drops by more than a predetermined amount (e.g.,

more than 1F) below the stabilized temperature (or, alternatively, the preset temperature) in
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order to increase the water temperature back to the stabilized temperature (or, alternatively,

the preset temperature).

[0057] Once the proximity sensor detects that a bather has entered the shower, the flow is
immediately raised to full flow (e.g., 2.5 gpm for a 2.5 gpm shower head) by causing valve
(31) to fully open. An anti-scald feature may also be provided in system (10) such that the
rate at which the flow rate is increased is greatly reduced if the water temperature exceeds a
preset safety limit (e.g., 120F pursuant to American Society of Sanitation Engineers
Standard 1016). Alternatively, if the temperature exceeds the preset safety limit, system
(10) may be configured such that controller (32) stops water flow entirely or maintains
water flow in the temperature maintenance mode (or some other reduced flow rate) until the

user causes the water temperature to drop (e.g., by manipulation of handles (42)).

[0058] Also following detection of bather by sensor (18), controller (32) may be
programmed to execute an algorithm that determines the approximate height of the bather
based on signals from proximity sensor (18) while standing, and the approximate "height"

of the bather while kneeing or bending over.

[0059] While the bather is statistically standing nearest the sensor, full flow is maintained.
For example, controller (32) may be programmed to continuously calculate the distance of
closest approach to the sensor, and the full flow portion of the interrogation region is
determined based on a programmed number of standard deviations of the mean distance
value of this data. Similarly, controller (32) may be programmed to continuously calculate
the distance of furthest approach (e.g., kneeling or bending over) to the sensor (18), and the
minimum flow portion of the interrogation region is determined based on a programmed
number of standard deviations of the mean distance value of this data. While the bather is
statistically kneeling or bending over, controller (32) causes the flow rate to be reduced to
programmed minimum flow rate (e.g., less than 2 gpm, less than 1.5 gpm, less than 1.0
gpm, or about 0.5 gpm). Thus, controller (32) alters flow rate based on the sensed distance
of the bather from sensor (18) and/or the shower head. And it will be understood that the
sensed distance of the bather includes the distance of the bather's head from sensor (18)

and/or the shower head.

[0060] Controller (32) is further configured such that, while the bather is located a distance
from sensor (18) which is between that resulting in maximum (full) flow and that resulting

in minimum flow, the flow rate is proportionately varied (linearly or nonlinearly) between
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the maximum flow rate and the minimum flow rate. The flow rate may be based, for
example, on the ratio of the sensed distance less the standing height distance, divided by the
difference between the standing height and kneeling height distances. Thus, controller (32)
controls the water flow rate based on the sensed position of the bather in the interrogation
region. Water is supplied to the bather at a programmably altered flow rate varying from
full-flow to no flow, based on the distance of the bather from one or more proximity

SENSOrs.

[0061] Controller (32) is also configured to accumulate bathing time and/or gallons of water
consumed (e.g., if a flow measurement device is included in the system), since the start of
the shower cycle (e.g., from the time the temperature stabilizes at or above the preset
temperature). If one or the other accumulator reaches a preset value, a water shutdown
cycle is initiated. Particularly in embodiments which do not measure actual flow rates (e.g.,
lack a flow measurement device), accumulated bathing time may be scaled based on flow
levels. For example, instead of simply accumulating the amount of time since the shower
cycle commenced, regardless of flow rate, the elapsed “flow-ratio compensated time”
(FRCT) may be accumulated. FRCT is defined as (time * (flowcurrent/flowmax)), wherein
flowcurrent/flowmax is the percentage of flow (e.g., the percentage valve (31) is open)
during any period of time. Thus, for example, when scaled bathing time is accumulated (as
FRCT), one minute of bathing time at 25% water flow (e.g., when the bather is kneeling) is
accumulated as 0.25 minutes, and one minute at full water flow is accumulated as one

minute.

[0062] When shutdown mode has commenced based on the accumulated bathing time or
gallons of water consumed reaching their predetermined limits, the controller (32) causes
pulsation of water flow to alert the bather that it has entered shutdown mode, signaling that
water flow will cease in a predetermined period of time (e.g., approximately 60 seconds, 30
seconds, or some other preprogrammed time period). An audible signal may also be
provided to the user in addition to, or in place of, pulsating water flow. If the shower cycle
is terminated by entering the water shutdown cycle, controller (32) may be programmed to
include a lockout period during which no water flow will be permitted (e.g., 5 minutes, or 1
minute). At the end of such a lockout period, controller (32) will return to its initial state,
waiting for the commencement of another shower cycle. Alternatively, when water flow

ceases due to, for example, the user manipulating handles (42) to turn off the water supply
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to the system, controller (32) will return to its initial state, waiting for the commencement
of another shower cycle. The above-described system may also be configured to signal to

the bather once the water temperature has stabilized, such as by an audible signal.

[0063] FIGS. 6A and 6B are similar views to FIGS. 3A and 3B, and depict yet another
embodiment of a flow control system (110). In this embodiment, flow control system (110)
is configured to be positioned along a mixed water supply line which leads from shower
control faucet (or handle) (142) to water feed tube (122) extending out of the wall (40) of
the shower enclosure. The water supply line may be located external or internal to the wall
(40), and a fixed shower head (126) is connected to the feed tube (122) in the typical

fashion.

[0064] Flow control system (110) is similar to flow control system (10) described
previously, and includes a proximity sensor (118) provided on the housing of the flow
control system (110). In this embodiment, the housing is configured to be mounted to wall
(40) (when the water supply line is external to wall (40)), or flush mounted within an
opening cut into wall (40) (when the supply line is internal to wall (40)). Sensor (118) is
provided on a surface of the housing such that, when flow control system (110) is mounted
along the supply line, sensor (118) is directed toward the interrogation region (144). By
way of example, flow control system (110) may be mounted within the wall (40) with
sensor (118), particularly the sensor cover/lens, exposed through an opening in wall (40) or
otherwise positioned for emitting an interrogation field (146) that results in a range signal

for objects in the interrogation region (144).

[0065] In FIG. 6A the bather (150) is within the interrogation region (144) and the
amplitude and timing of the acoustic echo (148) from the interrogation field (146) shown in
the amplitude vs. time plot indicates the presence of the bather (150) within the
interrogation region (144), near the shower head. In FIG. 6B, the bather (150) has moved
further away from the shower head (and hence sensor (118)) within interrogation region
(144). Thus, the amplitude of the acoustic echo (148) is reduced, and the acoustic echo
(148) takes longer to reach sensor (118). In response, sensor (118) provides a signal
indicating that the bather is further away from sensor (118). As in the previously described
embodiment, the location of bather (150) in relationship to the interrogation region (144)

determines the flow rate of water exiting shower head (126).
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[0066] The water control system (110) shown in FIGS. 6A and 6B further includes a
second, remote sensing device (180) which may comprise a second proximity sensor.
Remote proximity sensor (180) may be similar to proximity senor (18) described
previously. However, in this embodiment, remote proximity sensor (180) is separate from
the main housing of water control system (110) and is shown mounted to a side wall (or
surface) of the shower enclosure. Remote proximity sensor (180) communicates with the
controller of the water control system (110), e.g., by a wired or wireless communication.
Like proximity sensors (18, 118), remote proximity sensor (180) generates an ultrasound
beam which creates a second interrogation region (182). In the example shown, the second
interrogation region (182) generally extends orthogonal to first interrogation region (144).
However, second interrogation region (182) may be oriented in any of a variety of ways

with respect to first interrogation region (144).

[0067] Remote proximity sensor (180) provides a signal to the controller indicative of the
location of an object (e.g., a bather) with respect to remote proximity sensor (180) in the
manner described previously. The controller of water control system (110) uses this
additional signal to further control water flow rate through system (110) based on the

position of the user or other object.

[0068] By using two proximity sensors (118, 180), the embodiment shown in FIGS. 6A and
6B acquires two-dimensional information regarding the location of the user. Thus, water
flow may be controlled based upon movement of the user laterally in the shower stall, as
well as movement of the user in the front to back direction (i.e., towards or away from the
shower head). The use of a plurality of proximity sensors is also desirable in shower
installations having multiple shower heads (e.g., spa-type showers). In such embodiments,
the flow control system may be configured to regulate water flow through a plurality of
shower heads, such as a shower head mounted on the front wall of the shower enclosure
(e.g., as shown in FIG. 6A) and a second shower head mounted on a sidewall of the shower
enclosure (e.g., adjacent second proximity sensor (180)). In this manner, the first proximity
sensor may be used to control water flow through the first shower head, and the second
proximity sensor may be used to control water flow through the second shower head. Of
course water flow systems with any number of fluid outlets and proximity sensors may be

provided in accordance with the teachings herein.
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[0069] From the preceding discussion regarding FIGS. 1-6B, it will be apparent to one
skilled in the art that periodic changes in amplitude and timing of the object generated
characteristics of the acoustic echo of the interrogation signals allows tracking of the
location of the bather (50, 150) relative to the interrogation region (44, 144, 182). It will
also be apparent that the motion of the bather within the interrogation region(s) can also be
monitored. Such information can be used to further control water flow for water
conservation or other purposes. By way of example, if the system (10, 110) determines,
based on signals from the proximity sensor(s), that the user has remained essentially
stationary for a predetermined period of time (e.g., just "chilling" and daydreaming)
controller (32) may cause the water flow rate to slowly decrease even through the proximity
to the sensor (18, 118, 180) has not changed. In this case, the bather location velocity
vector is zero (or less than some predetermined value). In yet another alternative
embodiment, controller (32) may be configured such that the rate of change of water flow
will vary based on, for example, whether the bather is moving toward the sensor or away
from the sensor, or even the velocity of the bather's movement. For instance, if the bather is
moving away slowly, flow rate may also be decreased more slowly. If the bather is moving
toward the sensor at the same slow velocity, controller (32) may increase the flow rate more

aggressively than when the user is moving away from the sensor at the same slow rate.

[0070] Proximity sensors (118, 180) can independently be active or passive, acoustic,
electromagnetic or infrared sensing systems such as, but not limited to, sensors based on
detected or reflected sound waves (e..g., audible sound or ultrasound), reflected
microwaves, or infrared detection. In addition, one or more additional proximity sensors
may be provided, disposed in a single housing or in multiple housings positioned about a
shower enclosure. When more than one interrogation region (144, 182) is provided, the
interrogation regions can be substantially congruent, substantially complementary or

partially congruent and complementary.

[0071] As yet another variation, mixed water supply line (122) may be replaced by separate
hot and cold water supply lines such that hot and cold water is mixed within fluid control
system (10, 110). In addition, water delivered through the fluid outlet of the water control
system may supply multiple feed tubes and shower heads. Also, while the embodiments of
FIGS. 1-6B depict a fixed, but pivotable, shower head (26, 126), a demountable, hand-held

shower head may be employed with system (10, 100). For sake of drawing simplicity, such
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an arrangement is not illustrated but certainly can be used with the systems described
herein. Installation configuration modifications which provide a largely unobstructed view
of bather (50, 150) from the provided sensor location for such hand-held shower heads will

be apparent to one skilled in the art.

[0072] FIG. 7 depicts a block diagram of another embodiment of a fluid flow control system
(210). System (210) may be structurally configured similar to the embodiment shown in
FIGS. 1 and 2, and therefore includes a housing (212), a water inlet (214) provided at a
distal end of housing (212), and a water outlet (216) provided at a proximal end of housing
(212). A proximity sensor (218) is also provided, and may be located, for example, on

housing (212)—such as on the end of a sensor arm (e.g., similar to sensor arm (20) in FIG.

1.

[0073] As described previously, proximity sensor (218) provides signals to the controller
(232) which are indicative of a bather's position within an interrogation region adjacent
sensor (218). As described previously, controller (232) regulates the flow rate of water
through system (210) by sending appropriate signals to flow control device (230). Flow
Control device (230) may comprise any of the devices and assemblies described previously,
such as that shown in FIGS. 4 and 5, or the valve/motor combination depicted in FIG. 2.
Flow control device (230) receives control power and signals from controller (232) through
electrical connections (270, 274). Upon receiving signals from controller (232) through
electrical connection (270), flow control device (230) continuously adjusts the flow of
water through conduit (238) from O to 100% (i.e., from no flow, to full flow, and one or
more flow rates therebetween). Flow valve position indication (as described previously in
conjunction with FIGS. 4 and 5), or other signal indicating the state of flow control device
(230) (e.g., 0-100% flow) is transmitted from the flow control device (230) to controller
(232) through electrical connection (274). In one embodiment, the valve position indication
signal provided to controller (232) simply indicates whether or not the flow control device
(230) is fully open. Alternatively, the signal indicates the amount which flow control

device (230) is open (e.g., 0 to 100%).

[0074] Fluid flow control system (210) further includes a remote proximity sensor (280)
which is separate from housing (212), and communicates with controller (232) by a wired
connection or a wireless communication (e.g., via radio waves). Remote proximity sensor

(280) provides an additional interrogation region, as described previously. A user interface
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(284) is also provided in system (210). User interface (284) is separate from housing (212)
and comprises a keypad (285) having one or more input keys for accepting user input, as
well as a display screen (286) for displaying information to a user. As described
previously, user interface (284) may alternatively comprise a handheld remote control unit
or even a personal computing device such as a smartphone. A speaker may also be
provided on user interface (284) for providing audible signals to a user. User interface
(284) is configured for mounting on (or even flush-mounted within) a wall within the
shower enclosure, or on a wall outside of the enclosure, and communicates with controller

(232) by a wired connection or a wireless communication (e.g., via radio waves).

[0075] While flow control system (210) may be programmed to operate in any of the
variety of ways described previously, system (210) further includes a flow measurement
device (240) operatively located along conduit (238) between flow control device (230) and
water outlet (216). Flow measurement device (240) is configured to supply a signal to
controller (232) indicative of fluid flow rate, and may comprise any of a variety of

structures and components known to those skilled in the art.

[0076] In one embodiment, the flow measurement device (240) is configured to not only
provide a means for measuring fluid flow, but also provide a source of electrical energy for
the system, particularly controller (232). A rechargeable power source such as one or more
rechargeable batteries or supercapacitors may be provided in system (210) such as within
housing (212) or even within controller (232) itself, as described previously. The signals
from flow measurement device (240) are not only indicative of water flow rate, they are
also sufficiently strong to provide electrical power to system (210). 'The signals are
transmitted from flow measurement device (240) to controller (232) along electrical
connection (291). In the embodiment shown, flow measurement device (240) also includes
a fluid temperature sensor (279) such as the thermistor IC described previously in order to
measure the temperature of the fluid exiting the system (212) through water outlet (216),

and provide a temperature signal to controller (232) through electrical connection (292).

[0077] FIG. 8 shows an exploded schematic view of an exemplary flow measurement
device (290) which not only provides a flow rate signal to controller (232), but also
provides electrical energy to system (210). The electrical energy is derived from the energy

of the fluid flowing through the flow measurement device (290). Flow measurement device
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(290) is similar to the flow meter described in US Patent 5,372,048, which is incorporated

herein by reference.

[0078] Flow measurement device (290) shown in FIG. 8 includes an upstream orifice plate
(293), a magnetic ring (294), a turbine spool (295), stator field coils (296), and downstream
orifice plate (297). Fluid flows through upstream orifice plate (293) which organizes the
fluid flow into a more laminar state. The fluid then flows through turbine spool (295)
which is configured to rotate about a central axis in response to the fluid flowing past it.
The fluid then exits through downstream orifice plate (297) which is configured to isolate
the downstream turbulence from the turbine spool (295). Magnetic ring (294) is
magnetically polarized (contains two or more magnetic poles), and is fixably attached to
turbine spool (295) so that magnetic ring (294) rotates about the same axis as the turbine
spool (295). Magnetic ring (294) is located and configured to rotate within stator field coils
(296) as fluid flows through the device. The changes in magnetic orientation with respect
to the stator field coils (296) induce an alternating current whose period of oscillation is
inversely proportional to the rotational velocity of the turbine spool (295). Monitoring the
period of oscillation provides a measure of the fluid flow velocity through the rotational
velocity of the turbine spool (295). Combining the measure of fluid flow velocity (e.g.
mm/sec) with the volume of the fluid filled space surrounding the turbine spool (295)

provides a measure of the volume fluid flow rate (e.g. ml/sec).

[0079] The alternating current generated by stator field coils (296) may be provided to
controller (232) along electrical connection (291). Controller (232) may be configured to
not only determine fluid flow velocity, and hence volumetric flow, through conduit (238) of
system (210) based on the period of oscillation of the current received from flow
measurement device (290), but also to convert the alternating current into a direct current
voltage suitable for operating components of system (210). Excess current may also be
directed to one or more power storage devices in order to power system (210) when no

water is flowing.

[0080] Alternatively, an external circuit may be provided in order to receive the current
generated in the stator field coils (296) and produce an analog or digital signal proportional
to fluid flow velocity which is then supplied to controller (232). The external circuit may
also convert the alternating current into a direct current voltage suitable for operating

electrical devices included in the system (210). Under some flow conditions, the flow
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measurement device (290) may generate electrical current in excess of that needed to
operate the system (210). The excess current can be stored in an electrical storage device
such as, but not limited to, one or more rechargeable batteries or capacitors. This electrical
storage device can be used to operate system (210) when fluid flow is insufficient to operate
the electrical components. Although not depicted in FIG. 8, a temperature measurement
device may be provided in flow measurement device (290), such as but not limited to, a
thermocouple which can be, by way of example, attached to or embedded in the upstream
or downstream orifice plate (293, 297). Also, electrical wiring details and mechanical
support, alignment, and attachment details are not depicted in FIG. 8, but are well within

the understanding of one skilled in the art in light of what is shown and described herein.

[0081] Flow measurement device (290) may even be incorporated into, or associated with,
the flow control device (30) of FIGS. 1 and 2, with the flow rate data used by controller
(32) in the manner described previously. Such an embodiment is depicted in FIG. 10,
wherein flow measurement device (290) is provided between conduits (36, 38), upstream of
flow control device (30). The embodiment depicted in FIG. 10 is essentially the same as
that shown in FIG. 7, without a remote proximity sensor or user interface, and with the flow

measurement device upstream of the flow control device.

[0082] In an alternative embodiment, the flow measurement device (240) may be
configured to measure fluid flow using a mechanical fluid flow sensor or a fluid flow sensor
that contains no moving parts and is not in direct contact with the fluid. Any of a variety of
fluid flow measurement sensors known to those skilled in the art may be used. For
example, ultrasound fluid flow measurement systems that use Doppler shifts of the
interrogation beam to determine fluid velocity (and then by geometry, fluid flow in gpm)
may be used. Ultrasonic flow meters measure the difference of the transit time of ultrasonic
pulses propagating in and against flow direction. This time difference is a measure for the
average velocity of the fluid along the path of the ultrasonic beam. By using the absolute

transit times both the averaged fluid velocity and the speed of sound can be calculated.

[0083] A magnetic flow meter, commonly referred to as a "mag meter" or an "electromag,"
also may be used as a flow measurement device (240). A magnetic field is applied to the
metering tube, which results in a potential difference proportional to the flow velocity
perpendicular to the flux lines. Optical or thermal mass flow meters are yet another

alternative. Optical flow meters use light to determine flow rate, whereas thermal mass
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flow meters which generally use combinations of heated elements and temperature sensors
to measure the difference between static and flowing heat transfer to a fluid and infer its

flow with a knowledge of the fluid's specific heat and density.

[0084] Regardless of the type of fluid flow sensor employed as flow measurement device
(240), the sensor may be provided in electrical communication (wired or wireless) with
controller (232) such that power for the fluid flow sensor is supplied by controller (232) and
signals indicative of fluid flow are provided by the fluid flow sensor to controller (232).
Additionally, the flow measurement device (240) may contain a fluid temperature sensor to
measure the temperature of the fluid exiting the system (210) through outlet (216), and

provide a temperature signal to controller (232) through electrical connection (292).

[0085] User interface (284) receives input from a user (e.g., via keypad (285)) and transfers
commands and data to controller (232) via, for example, an electromagnetic communication
channel (i.e., wireless communication such as WiFi, BlueTooth, etc.). The user interface
(284) provides a convenient means for: i) configuring the operation of, 2) monitoring the

utilization of, and 3) querying the status of the flow control system (210).

[0086] As further described herein, controller (232) may receive signals indicative of the
state of flow control device (230) (e.g., either the % opening of a valve contained in flow
control device (230) or simply whether or not the valve is fully open), fluid temperature,
fluid flow rate, the position of a user (or other object) with respect to the proximity sensors
(218, 280), and user input entered via user interface (384). In accordance with programmed
instructions as well as these various signals and inputs, controller (232) regulates the flow
of fluid through system (210) by sending signals to flow control device (230) which result
in a change in fluid flow through system (210). For example, controller (232) may send
signals to flow control device (230) which result in a valve in flow control device (230)

changing states—e.g., fully closed, fully open, or one or more positions therebetween.

[0087] FIG. 9 depicts yet another alternative embodiment of flow control system (310)
which is similar to that depicted in FIG. 7. System (310) may be structurally configured
similar to the embodiment shown in FIGS. 6A and 6B, in that housing (312) is configured
to be mounted within an opening in a wall of a shower enclosure with proximity sensor
(318) located so as to detect the location of a user with respect to sensor (318) (i.e., sensor
(318) is mounted so that it can "view" a user). For example, housing (312) may comprise a

box having sensor (318) located on one side thereof. Housing (312) is mounted within an
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opening cut in the wall of a shower enclosure beneath the shower head, such that sensor
(318), or at least the distal end of sensor (318) is exposed to the interior of the shower

enclosure.

[0088] Flow control system (310) is further configured such that it includes hot water inlet
(314) and cold water inlet (315), which are configured to be attached to hot and cold water
supply lines, respectively, located behind a wall of a shower enclosure. Water outlet (316)
is also on housing (312), and is configured to be attached to a feed tube located behind a
wall of the shower enclosure. The feed tube, as in typical shower installations, extends
upwardly behind the wall of the shower enclosure, and exits the wall at a suitable height

terminating in a threaded end to which a shower head may be attached.

[0089] Flow control device (330) of system (310) in FIG. 9 not only controls water flow
rate, it is also configured to mix hot and cold water to supply water to the shower feed tube
at a suitable temperature. Flow control device (330) adjusts the flow of hot and cold water
independently to create the desired flow and temperature of water supplied to conduit (338).
Flow control device (330) adjusts the flow of hot and cold water based on signals provided

by controller (332), as further described herein.

[0090] By way of example, flow control device (330) can comprise a pair of flow control
valve assemblies (330A, 330B) which may be similar to the valve (31) and drive motor (33)
assembly described previously. Controller (332) independently controls each valve
assembly (330A, 330B) in order to not only regulate flow rate in the manner described
previously (based on the location of a user within one or more interrogation regions), but
also to regulate water temperature based on temperature signals from temperature sensor
(379) as well as user-determined shower temperature (which may be different from the
preset temperature defined previously with respect to the shower cycle). For example, if the
measured temperature be lower than the desired temperature, the controller (332) sends a
signal to the flow control valve attached to the hot water supply to open further. If the hot
water valve (330A) is fully open, then the controller (332) will cause the cold water valve

(330B) to close further.

[0091] A proximity sensor (318) is also provided, and may be located, for example, on
housing (312). As in previously-described embodiments, proximity sensor (318) provides
signals to the controller (332) which are indicative of a bather's position within an

interrogation region adjacent sensor (318). Controller (332) regulates the flow rate of water
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through system (310) by sending appropriate signals to flow control device (330). Flow
control device (330) (i.e., control valve assemblies (330A, 330B)) receives control signals
(i.e., electrical power which drives the valve motor) from controller (332) through electrical
connections (370, 374). Upon receiving signals from controller (332) through electrical
connection (370), flow control device (330) continuously adjusts the flow of hot and cold
water to not only provide the desired temperature, but also the appropriate flow rate through
conduit (338), as described previously. Flow valves position indications, or other signals
indicating the state of flow control device (330), particularly whether or not either or both
valve assemblies (330A, 330B) are fully open, may be transmitted from the flow control

device (330) to controller (332) through electrical connection (374).

[0092] Fluid flow control system (310) further includes a remote proximity sensor (380)
which is separate from housing (312), and communicates with controller (332) by a wired
connection or a wireless communication (e.g., via radio waves). Remote proximity sensor
(380) provides an additional interrogation region, as described previously. A user interface
(384) is also provided in system (310). User interface (384) is separate from housing (312)
and comprises a keypad having one or more input keys for accepting user input, as well as a
display screen for displaying information to a user. A speaker may also be provided on user
interface (384) for providing audible signals to a user. User interface (384) is configured
for mounting on (or even flush-mounted within) a wall within the shower enclosure, or on a
wall outside of the enclosure, and communicates with controller (332) by a wired

connection or a wireless communication (e.g., via radio waves).

[0093] System (310) also includes a flow measurement device (340) operatively located
along conduit (338) between flow control device (330) and water outlet (316). Flow
measurement device (340) is configured to supply a signal to controller (332) indicative of
fluid flow rate, and may comprise any of a variety of structures and components known to

those skilled in the art, as well as those previously described herein.

[0094] Turning to FIG. 11, there is shown a block diagram of the control logic within
controller (232) of the embodiment show in FIG. 7. The control logic is generally
composed of the following functional logic blocks: flow control logic (1000), flow
measurement logic (1100), power control logic (1200), sensor logic (1300), shower state
logic (1400), and communications logic (1500). Controller (232), particularly the control

logic thereof depicted in FIG. 11, receives signals from and transmits signals to various
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functional components of system (210), including: power storage device (234) (e.g., a
rechargeable battery), proximity sensor (218), user interface (284) (particularly a
transceiver provided as part of the user interface), and remote proximity sensor (280)
(particularly a transceiver provided as part of the remote proximity sensor). 'The
communication paths may be wired, or, particularly in the case of user interface (284) and
remote proximity sensor (280), wireless. To that end, controller (232) may include a

transceiver or other device(s) suitable for wireless communication.

[0095] Each of the functional logic blocks (1000, 1100, 1200, 1300, 1400, 1500, and 1600)
can be realized as independent or cooperating dedicated functions such as but not limited to,
for example: state machines; digital logic; memory access devices; mixed signal logic or
analog logic. A subset of the functional logic blocks may be combined and realized by an
independent or cooperating dedicated embodiment such as but not limited to, for example:
customized programmable logic; state machines; digital logic; mixed signal logic or analog
logic. Further, all of the functional logic blocks may be combined into a single dedicated
embodiment such as but not limited to, for example: customized programmable logic; state

machines; digital logic; mixed signal logic or analog logic.

[0096] Each of the functional logic blocks (1000, 1100, 1200, 1300, 1400, 1500, and 1600)
may exchange data and/or state information between them through a data exchange bus (not
shown). The data exchange bus may be composed of but not limited to, for example: a
collection of dedicated signaling pathways amongst a subset of the functional logic blocks
(e.g. dedicated physical wires); a shared, geographical addressed signaling pathway (e.g. a
CAMAC bus); a master/slave shared signaling pathway (e.g. an 12C bus, Bluetooth); a
frame-based shared signaling pathway (e.g. Ethernet or IEEE 802.3); or a shared memory

signaling pathway (e.g. a database server system such as, but not limited to, MySQL)).

[0097] In an embodiment wherein the flow measurement device generates usable power (as
described previously), the power control logic (1200) accepts signals from the flow
measurement device through a suitable signal pathway. For example, pulsed current
generated by the stator field coils (296) (FIG. 8) is provided to power control logic (1200).
Within the power control logic (1200), these current pulses are rectified and filtered to
create a known, stable DC voltage and energy source for use within the system (210).
Another function of the power control logic (1200) is to monitor the state of, and provide

replenishment energy for, the power storage device (234). The power storage device (234)
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can be composed of but not limited to, for example: a lithium-ion battery; a nickelcadmium
battery; a capacitor; or a fuel cell. When the power control logic (1200) is not able to
provide sufficient energy for operation of the system (210) from the energy contained in the
pulsed current generated by the stator field coils (296), energy from the power storage

device (234) is used to augment that generated by the stator field coils (296).

[0098] The power control logic (1200) also provides energy to other functional logic blocks
(1000, 1100, 1300, 1400, 1500, and 1600) via various power pathways. Power supplied to
the functional logic blocks can be controlled to minimize energy utilization during periods
of low or no fluid flow through the system (210), as determined by the energy content of
the current generated by the stator field coils (296). For example, if there is no flow, the
power control logic (1200) could provide a significantly reduced average power level to the
communications logic (1500) for the purpose of responding to potential incoming
communications from the user interface (284). The power control logic (1200) may contain
configurable features (e.g. output voltages for each power pathway, stored power charging
parameters, time-out values) that may be accessed and or established through the data

exchange bus.

[0099] The flow control logic block (1000) accepts information from flow control device
(230) and/or flow measurement device (240, 290) through signal pathways (274, 292).
Information transferred via these pathways includes one or more of, but not limited to: fluid
temperature; fluid pressure; flow control valve assembly health status; and flow control
valve position; fluid flow rate. Information transferred via these pathways may be used
during implementation of local control functions within the flow control logic block (1000)
or made available to other functional logic blocks (1100, 1200, 1300, 1400, 1500, and
1600) via the data exchange bus. The flow control logic block (1000) may also accept
directives from other functional logic blocks via the data exchange bus that result in
sending control power to the flow control device (230) via signal pathway (270) which

results in a change in fluid flow rate exiting fluid outlet (216).

[00100] FIG. 12 shows exemplary operational states for system (210). The exemplary

operational states for this embodiment are defined as:
IDLE — The device is waiting for a command.

IBSS — Initialize Bathing Status State
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WUS - Warmup State
BS - Bathing State
MS — Maintain State
SDMS — Shower Database Management State
SRS — Shower Reset State
SES — Shower Error State

The transition from state to state is defined by the following messages generated by sensors
or other hardware located throughout the device (it being understood that the system may be
configured such that one or more of these messages are not part of the control logic, such as

"wpon" in cases where a pressure sensor is not provided in the flow control system):
pon — Power on: a message generated when the system is first powered on.

wpon — Water Pressure On: a message generated when water pressure is sensed at

the entrance to flow control device (230).

wfon — Water Flow On: a message generated when water flow is sensed in the
system. This event could be due to flow of water through flow measurement device

(240, 290) and the resulting signal on signal pathway (291).

wioff — Water Flow Off: a message generated when controller (232) determines that

water flow must be terminated by the device.

scok- Shower Controller OK: a message generated when self-testing and

initialization of the control logic of controller (321) is successfully completed.

scnok- Shower Controller Not OK: a message generated when self-testing and

initialization of the control logic has resulted in an internal error condition.

sterrm — Shower Temperature Error Message: a message generated when controller
(232) has not been able to sense a stable water flow temperature within a prescribed
timeframe. In some embodiments, temperature sensing is provided and this message
may be generated. In other embodiments, temperature sensing is not provided and

therefore this message will never be generated.
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tstbl — Temperature Stable: a message generated when the controller (232) has
verified a stable water flow temperature within a prescribed timeframe. In some
embodiments, temperature sensing is provided and this message will be generated as
required in the controller (232) programming. In other embodiments, temperature
sensing is not provided and this message is generated based on FRCT or volume as

required in the controller (232) programming.

bxrgn — Bather Exited Region: a message generated when the controller (232) has

detected that the bather is outside the interrogation region.

bergn — Bather Entered Region: a message generated when the controller (232) has

detected that the bather is inside the interrogation region.

sterm — Schedule FRCT Extension Request Message: a message generated when the
controller (232) has detected bather actions that would indicate a desire to extend the

FRCT (water volume) limits pending expiration.

stegm — Schedule FRCT Extension Granted Message: a message generated when the
controller (232) has detected bather actions that would indicate a desire to extend the
FRCT (water volume) limits pending expiration and conditions allow the request to

be granted.

stedm — Schedule FRCT Extension Denied Message: a message generated when the
controller (232) has detected bather actions that would indicate a desire to extend the
FRCT (water volume) limits pending expiration and conditions do not exist to allow

the request to be granted.

srstm- System Reset Message: a message generated when the controller (232) has

determined that a bather session has been terminated.

The specific manner in which the preceding signals and messages are generated is
dependent on the particular compliment of sensors integrated into an embodiment of the
device. One skilled in the art can optimize the embodiment, its compliment of sensors, and
particular state transitions to achieve the wide range of functions previously described. It is
also evident to one skilled in the art that sub-states and other derived signals may be defined
to further refine the operation of the controller for a particular embodiment and

functionality.
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[00101] The flow control system, particularly the controller and control logic may be
configured in a variety of ways, such as that described previously. Of course one skilled in
the art will recognize that other control schemes may be employed. For example, the fluid
flow system may be configured to minimize water consumption by automatically adjusting
the flow rate of a shower based on the position of the bather with relation to the shower
head and either the volume of water consumed during the shower session or the elapsed
“flow-ratio compensated time” of the shower session (or even the uncompensated
accumulated shower time). The system detects the presence of a bather within an
interrogation region that includes the operable area of the shower enclosure (or other
shower area). 'The flow rate of water through the system may be continuously altered in
response to one or more of, but not limited to, the location of the bather within an
interrogation region, the movement of the bather within an interrogation region, audible
signals from the bather or another person in the vicinity of the system (e.g., via a
microphone and associated voice-activation circuitry in the controller), or other types of
input provided by the bather or another person in the vicinity of the system (e.g., via a

keypad, input buttons or other user interface).

[00102] By way of example, when the system has entered a shutdown cycle (e.g., because
the accumulated bathing time or water consumption reaches a predetermined limit), the
bather (or another person in the vicinity of the system) may be permitted to extend the
shower cycle, such as by audible input (via voice recognition or control) or by providing
some other input such as by pressing a button or key on an input device or other user
interface. The system may be configured to automatically allow an unlimited number of
shower cycle extensions, each one of unlimited duration or of limited duration (e.g., each
extension is only 1 or 2 minutes in length). Alternatively, the system control logic may be
configured to only allow a predetermined number of shower cycle extensions
(preprogrammed or based on user input), or even a predetermined number of shower cycle
extensions of progressively shorter duration. If the controller determines that no additional
shower cycle extensions are permitted, the system may either shut off all water flow or
reduce water flow from full flow (e.g., 25% flow when no further extensions are permitted).
The controller may even be configured to provide certain users with unlimited or different
shower cycle extension rules, while others are not granted any (or a reduced number or
duration) shower cycle extensions. Controller may include user recognition functionality,

such as user access codes and other means for identifying users.
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[00103] By way of further example, the following describes yet another operational and
control method which may be incorporated into the control logic of the controller,
comprises the following steps (some of which may be omitted, as will be apparent from the

foregoing description of various embodiments):

A. Establishing the start of a bather session (e.g., based on user input, water flow detection,

etc.);
B. Executing a “Warm-up Cycle” comprised of:
(1) Providing water at full-flow rate

(2) Optionally starting the accumulation of bathing time (raw time or FRCT) as well

the accumulation of the volume of water consumed

(3) When water temperature stabilizes, reduce water to a reduced-flow rate (e.g., less

than 0.5 gpm)

(4) Signal bather that water temperature has stabilized (e.g. audible signal to bather,

such as a voice instruction, tone, music, etc.)
(5) Exit “Warm-Up Cycle”

C. Sensing the presence and position of the bather within the region of operation, or

receiving an external signal or command, to initiate the “Bathing Cycle” comprised of:

(1) Providing water to the bather at a programmably altered flow rate varying from
full-flow to no flow based on the distance of the bather from the primary shower

head;

(2) Accumulating the time spent within the region of interrogation region (raw time

or FRCT);

(3) Accumulating the volume of water consumed while the bather is within the

interrogation region;

(4) Accumulating sensor data indicative of the bather (e.g., data used to estimate

user height, user movement, etc.);

(5) Sensing exit of the bather from the interrogation region, or receiving an external

signal or command, to initiate a “Maintain Cycle.”
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D. Upon initiating the "Maintain Cycle":
(1) Providing water at a programmably reduced-flow rate;

(2) Accumulating the FRCT (or raw time) that the user is outside the interrogation

region;

(3) Accumulating the volume of water consumed while the bather is outside the

interrogation region;

(4) Accumulating sensor characteristics indicative of the interrogation region

without the bather present;

(5) Sensing the entry of the bather into the interrogation region, or receiving an

external signal or command, to initiate the “Bathing Cycle.”
E. Monitoring accumulated FRCT (or raw time):
(1) Alerting bather as end of programmed allowable FRCT is nearly reached;

(2) Monitoring sensors, or receiving an external signal or command, that create a

“FRCT Extension Request;”
(3) Adding programmed extension FRCT to allowable FRCT;

(4) Repeating steps 1 through 3 up to a programmed number of times (including the

possibility of 0 more times);

(5) Providing water at reduced-flow rate when programmed allowable FRCT plus

extensions is reached (where reduced flow rate may include zero flow).
F. Monitoring accumulated volume of water consumed:
(1) Alerting bather as programmed allowable volume is nearly reached;

(2) Monitoring sensors, or receiving an external signal or command, that create a

“Volume Extension Request;”
(3) Adding programmed extension to allowable volume;

(4) Repeating 1 through 4 up to a programmed number of times;
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(5) If during “Bathing Cycle” or “Maintain Cycle” providing water at reduced-flow
rate when programmed allowable volume plus extensions is reached (including the

possibility of 0 more times);

or

if during "Warm-up Cycle” initiating internal error processing.
G. Monitoring water flow rate

(1) When water flow rate is below a programmable value initiating ‘“Reset Cycle”

comprised of:
(1) Starting FRCT countdown with a programmed value;
(ii) Entering “Idle State” when counter is expired;

(2) Initiating internal error processing if water flow rate does not match anticipated

flow rate.

[00104] FIGS. 13-19 depict yet another embodiment of a flow measurement device (440) and
flow control device (430). Flow measurement device (440) and flow control device (430)
are integrated with one another such that an end portion of flow measurement device (440)
provides a portion of a stationary valve plate of flow control device (430), as described
below. This integrated structure shown in FIGS. 13-15 may be used, for example, in place
of flow measurement device (290) and flow control device (30) in the structure shown in
FIG. 10. Thus, flow measurement device (440) and flow control device (430) may be
provided between conduits (36, 38) or alternatively within one or both of conduits (36, 38).
It should be pointed out that conduits (36, 38) may comprise a single, unitary conduit (e.g.,
a flexible tube), with the integrated assembly of flow measurement device (440) and flow
control device (430) housed therein similar to that shown in FIG. 10. In such an
arrangement, water will flow through conduit (36), through flow measurement device (440),
through flow control device (430), and into conduit (38). Thus, flow measurement device
(440) will once again be located upstream of flow control device (40). As also described
below, flow measurement device (440) may also be used to generate power for the flow
control system (10). And flow control device (430) comprises a motor-driven ceramic disc

valve.
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[00105] Flow measurement device (440) not only provides a flow rate signal to the
controller, but also provides electrical energy to the system. In contrast to the previously
described embodiment, the flow rate measurement and power generation features of flow
measurement device (440) are provided by separate structures. In particular, a first
upstream turbine assembly (441) is used to measure flow rate, while a second downstream
turbine assembly (442) generates usable electrical power. Thus, each of the first and second
turbine assemblies (441, 442) includes a rotatable member (495, which rotates in response

to water flow through the system.

[00106] First upstream turbine assembly (441) includes a turbine (495) mounted in a ring
assembly comprising turbine ring (493) and magnetic ring (494). As best seen in FIG. 14,
turbine ring (493) nests within magnetic ring (494), and turbine (495) is fixably mounted
within turbine ring (493). Turbine (495) is rotatably mounted over shaft (499) of a nozzle
assembly (497), such that first upstream turbine assembly (441) will rotate about a central
axis of shaft (499) with respect to nozzle assembly (497) (i.e., nozzle assembly (497) is
stationary). As is known to those skilled in the art, turbine (495) includes a series of angled
blades configured such that water flowing through first turbine assembly (441) impinges
upon the blades of turbine (495) causing turbine assembly (441) to rotate at a speed
proportional to the water flow rate. A suitable sensor is provided (not shown) external to
first turbine assembly (441) to detect the rotation of turbine assembly (441) and provide a
signal to the controller indicative of the speed of rotation (and hence water flow rate). By
way of example, magnetic ring (494) is magnetically polarized (contains two or more
magnetic poles), and the fluid flow rate sensor comprises a Hall effect sensor in electrical
communication with the controller and which supplies a voltage signal to the controller
from which the speed of rotation of turbine (495) may be determined. Of course other types
of rotational sensing devices and systems may be used, some of which would not require
magnetic ring (494) for sensing purposes. One or more pre-turbine flow conditioning
devices may also be provided upstream of turbine (495), as desired or necessary. Such
conditioning devices may include, for example, a flow straightener or rotator, a flow

velocity changer, and other devices known to those skilled in the art.

[00107] Second downstream turbine assembly (442) includes nozzle assembly (497), runner
(466) rotationally mounted within the interior of nozzle assembly (497), a stator housing

(468) fixedly positioned within the interior of nozzle assembly (497), a stator (470) fixedly



WO 2012/162670 PCT/US2012/039722

-37-

mounted within stator housing (468) and partially within the interior of runner (466), and a
stator housing endcap (472) mounted within the downstream end of stator housing (468) at
the downstream end of nozzle assembly (497). Nozzle assembly (497) includes a plurality
of fluid inlets (498) in its outer surface through which water flows into the annular interior
of nozzle assembly (497). Water flowing through turbine (495) flows about the outer
circumference of nozzle assembly and through fluid inlets (498) into the annular interior of
nozzle assembly (497) (see FIG. 15). The water then flows about runner (466), causing
runner (466) to rotate. As is well known to those skilled in the art, runner (466) is

magnetically polarized (contains two or more magnetic poles).

[00108] Stator (470), as best seen in FIG. 14, is fixedly (i.e., non-rotational) mounted within
stator housing (468) such that stator (470) is also positioned within the interior of runner
(466). In this manner, as runner (466) rotates, the changes in magnetic orientation with
respect to the stator field coils induce an alternating current which is provided to the
controller along a suitable electrical connection (291). As discussed previously, the
controller converts the alternating current into a direct current voltage suitable for operating
components of the system and/or storage (e..g., in a rechargeable battery). The flowing
water then passes through openings provided in stator housing end cap (472), as described
below. As discussed previously, the alternative current from the stator field coils may also

be used to provide another indicator of fluid flow rate.

[00109] Flow control device (430) essentially comprises a motor-driven ceramic disc valve.
Flow control device (430) includes a housing (460), a motor (433) mounted in housing
(460), a housing cover (463) having apertures which allow water to flow therethrough (not
shown), and a disc valve assembly (431) located at the upstream end of housing (460).
Housing (460) is configured to include one or more sealed chambers in which printed
wiring boards (or printed circuit boards) and other electronic components and/or circuitry
may be located. As seen in the schematic water flow diagram of FIG. 15, water flows
through plenums in housing (460) located on opposite sides of motor (433) (the plenums
are not depicted). These plenums are not in communication with the central interior (461)
of housing (460) such that motor (433) remains dry. Openings in housing cover (463) are

aligned with the plenums such that water will escape through these openings.

[00110] Disc valve assembly (431) (e.g., a ceramic disc valve assembly) includes an

apertured stationary valve plate (476) and an apertured rotating valve plate (480). Water
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will flow through valve assembly (431) only when portions of the openings (i.e., apertures)
on the stationary and rotating valve plates (476, 480) are aligned with one another. Thus,
water flow is regulated by motor (433) selectively causing rotating valve plate (480) to

rotate.

[00111] As seen in the plan views of FIGS. 16 and 17, rotating valve plate (480) and
stationary valve plate (476) each include a pair of arcuate openings (481, 477) spaced
inwardly from the outer circumference of the plates. Each of the pair of arcuate openings
(481, 477) is circumferentially spaced on their respective plates. In the embodiment shown,
the arcuate openings of each pair are also radially opposed to one another (i.e., directly
opposite one another). As seen in FIGS. 13 and 14, stator housing endcap (472) includes a
plate portion (473) which has the same size and shape as stationary valve plate (476). Plate
portion (473) and stationary valve plate (476) are joined to one another as shown in FIG.
14. Plate portion (473) and stationary valve plate (476) also include mating recessed
portions which, when plate portion (473) and valve plate (476) are matingly engaged,
provide a wire chase (475) through which wiring and other electrical connections may pass
into the interior of flow measurement device (440). Although not visible, plate portion
(473) of stator housing endcap (472) also includes fluid openings which are aligned with
arcuate openings (477) of stationary valve plate (476). In this fashion, when plate portion
(473) and valve plate (476) are matingly engaged (FIG. 14), fluid flows through the
openings in plate portion (473) into the openings in the stationary valve plate of disc valve
assembly (431). The fluid openings in plate portion (473) may be similar in size and shape
to the openings in the stationary valve plate, or may be various alternative shapes which

expose the full extend of the openings in the stationary valve plate.

[00112] During operation, motor (433), in response to control signals (i.e., current) from the
controller, will cause valve plate (480) to selectively rotate. In one embodiment, unless the
system is in a lockout period described previously, valve assembly (431) will remain fully
open prior to commencing a new bathing session. Thus, when a user first turns on the
shower water supply, full water flow is provided. Valve assembly (431) is fully open when
the full extent of each arcuate opening (477) on stationary plate (476) is in registry (i.e.,
aligned) with the full extent of each arcuate opening (481) on rotating valve plate (480).
When aligned in this manner, water flows through arcuate openings (476, 481), with water

flowing through the entirety of arcuate openings (481). When water flow is to be reduced
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(e.g., based on signals from the proximity sensor, or when the permitted water usage has
been met), the controller will cause motor (433) to rotate valve plate (480) such that
openings (481) are only in partial registry with openings (477) of valve plate (476). And
flow can be stopped entirely (valve (431) closed) by rotating valve plate (480) until no
portion of openings (481) are in registry with openings (477). It should also be noted that
the flow control device may be alternatively configured such that either or both of the valve
plates may be rotated for regulating fluid flow, as the same functionality is provided simply

by causing the valve plates to be rotated with respect to each other.

[00113] FIGS. 18-19 depict an alternative embodiment of a stationary valve plate (576)
having a pair of openings (or apertures) (577, 579) circumferentially spaced from one
another on valve plate (576). As before, the openings (577, 579) are also generally radially-
opposed to each other. It will be understood that identical openings are provided on the
plate portion (473) of stator housing endcap (472), as described previously. Applicants
have discovered that this alternative arrangement of the opening (577, 579) on the
stationary valve plate not only provides more linear flow control than the embodiment
shown in FIG. 17, but also more precise fluid control over the full range of flow rates. It
should also be noted that the sidewalls of openings (577, 579) are also tapered in the axial

direction (i.e., through the thickness of the plate), however this taper is not required.

[00114] First arcuate opening (577) is similar in length to openings (481) on plate (480)
(identical, or within 10% of the length). However, first arcuate opening (577) has a varying
width. TFirst portion (577A) has a radial width approximately equal to the radial width of
openings (481), and second portion (577C) has a generally constant, but narrower width
compared to openings (481) and first portion (577A). Tor example, in the embodiment
shown, second portion (577C) comprises an elongate, arcuate slit. A tapered portion

(577B) has a tapering width and extends between first and second portions (577A, 577C).

[00115] Second opening (579) is similar in size and shape as, and is radially-opposed to, first
portion (577A) of first opening (577). Second opening (579) may have any of a variety of
alternative shapes such as circular and oval. By way of further example, second opening
(579) may have an area approximately the same as first portion (577A) of first opening
(577), even though its shape may be different. Second opening (579) is sized and located
such that, for example, when only the tapered width portion (577B) and the second portion

(577C) of the first opening (577) are aligned with one of the arcuate openings (481) in the
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first valve plate (480), the second opening (579) will not be aligned with the other arcuate

opening (481) in the first valve plate (480).

[00116] FIGS. 19A-D depict the rotation of plate (480) and (576) with respect to one another
during operation in order to regulate fluid flow through disc valve assembly (431) (e.g., by
selective rotation of plate (480) by motor (433)). FIG. 19D depicts the plates aligned for
full flow, with the entirety of first and second openings (577, 579) aligned with openings
(481) on rotating valve plate (480). However, because first and second apertures (577, 579)
are smaller than arcuate openings (481), less than the entirety of openings (481) are used for
full flow. FIG. 19A depicts the plates aligned for no water flow, with no portion of first and
second openings (577, 579) aligned with openings (481) on rotating valve plate (480). In
essence, stationary plate (576) completely blocks arcuate openings (481), preventing water

flow therethrough.

[00117] In FIG. 19B, valve plate (480) has been rotated counterclockwise from its position in
FIG. 19A such that second portion (577C) of first arcuate opening (577) is in registry with
one of openings (481), but none of second opening (579) is in registry with the other
opening (481). In this orientation, a low flow of water is permitted through second portion
(577C) and a portion of one of openings (481). In FIG. 19C, valve plate (480) has been
rotated further counterclockwise from its position in FIG. 19B such that tapered and second
portions (577B, 577C) of first arcuate opening (577) are in registry with one of openings
(481), but none of second opening (579) is in registry with the other opening (481). In this
orientation, a greater flow of water is permitted through tapered and second portions (577B,
577C). And, as valve plate (480) is rotated further counterclockwise, approximately 90
degrees from its position in FIG. 19A, the entirety of first and second openings (577, 579)
will be in registry with openings (481) to allow full flow (FIG. 19D). It should also be
noted that, as in previous embodiments, a sensor may be provided in order to determine the
position of (i.e., provide a signal to the controller indicative of) valve assembly (431),
particularly the position of rotatable valve plate (480). Such sensor may be configured to

simply provide a signal indicating whether or not valve assembly is fully open (FIG. 19D).

[00118] While several devices and components thereof have been discussed in detail above,
it should be understood that the components, features, configurations, and methods of using
the devices discussed are not limited to the contexts provided above. In particular,

components, features, configurations, and methods of use described in the context of one of
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the devices may be incorporated into any of the other devices. Furthermore, not limited to
the further description provided below, additional and alternative suitable components,
features, configurations, and methods of using the devices, as well as various ways in which
the teachings herein may be combined and interchanged, will be apparent to those of

ordinary skill in the art in view of the teachings herein.

[00119] Versions of the devices described above may be actuated mechanically or
electromechanically (e.g., using one or more electrical motors, solenoids, etc.). However,
other actuation modes may be suitable as well including but not limited to pneumatic and/or
hydraulic actuation, etc. Various suitable ways in which such alternative forms of actuation
may be provided in a device as described above will be apparent to those of ordinary skill in

the art in view of the teachings herein.

[00120] Versions of the devices described above may have application in other types of
installations. For example, the fluid flow control systems described herein may be used in a
faucet installation (e.g., a kitchen sink) rather than a shower installation. In such an
embodiment, the operating frequency of the proximity sensor(s) may be increased (e.g.,
200kHz, 500 kHz or even 1MHz) to accommodate the shorter working distances common
in faucet installations. Also, alternative water conservation strategies may be utilized
wherein the system can be optimized for hand washing, dish rinsing/washing, and other

activities.

[00121] Having shown and described various versions in the present disclosure, further
adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the art without departing from the
scope of the present invention. Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art. For instance, the
examples, versions, geometrics, materials, dimensions, ratios, steps, and the like discussed
above are illustrative and are not required. Accordingly, the scope of the present invention
should be considered in terms of the following claims and is understood not to be limited to
the details of structure and operation shown and described in the specification and

drawings.
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What is claimed is:
1. A fluid flow control system, comprising:
(a) a fluid inlet configured to be operatively coupled to a fluid source;

(b) a fluid outlet in fluid communication with the fluid inlet such that fluid may exit

the system therethrough;

(©) a proximity sensor for detecting the position of an object within a region adjacent

the sensor; and

(d a flow control device configured to regulate fluid flow between the inlet and
outlet in response to object detection by the sensor, wherein the flow control
device varies the fluid flow proportional to the detected distance of an object

from the sensor.

2. The fluid flow control system of claim 1, further comprising a controller configured for
controlling the operation of the flow control device in response to the location of an object

detected by the proximity sensor.

3. The fluid flow control system of claim 2, wherein the flow control system is configured
for use in a shower installation, such that a shower head may be attached to the system in fluid

communication with the fluid outlet.

4. The fluid flow control system of claim 2, further comprising a housing, and the fluid

inlet, fluid outlet and flow control device are located in or on the housing.

5. The fluid flow control system of claim 2, further comprising a flow measurement device

for measuring the flow rate of fluid through the outlet.

6. The fluid flow control system of claim 5, wherein the controller is further configured to

control the operation of the flow control device in response to the measured flow rate of fluid.

7. The fluid flow control system of claim 5, wherein the proximity sensor comprises an
ultrasonic sensor which emits ultrasonic sound waves and receives ultrasonic sound waves

reflected from an object located adjacent the sensor.

8. The fluid flow control system of claim 4, further comprising a second proximity sensor,
wherein the first proximity sensor is provided on the housing, and the second proximity sensor is

remote from the housing.
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9. The fluid flow control system of claim 4, further comprising a flow meter for measuring
the flow rate of fluid through the outlet, wherein the flow meter is located in the housing

upstream of the flow control device.

10. The fluid flow control system of claim 10, wherein the flow meter comprises a turbine
flow meter.
11. The fluid flow control system of any preceding claim, wherein the proximity sensor

comprises a piezoelectric ultrasonic sensor which emits ultrasonic sound waves and receives

ultrasonic sound waves reflected from an object located adjacent the sensor.

12. The fluid flow control system of any preceding claim, further comprising a temperature
sensor for sensing the temperature of water flowing through the system, wherein the flow
control device comprises a control valve, and further wherein the system is configured to
regulate fluid flow based on the sensed water temperature in relation to at least one preset

temperature.

13. The fluid flow control system of claim 12, wherein the system is configured for use in a
shower installation, the at least one preset temperature comprises a preset minimum bathing
temperature, and wherein the system is further configured such that the control valve maintains
maximum water flow until the sensed water temperature is at or above the preset minimum

bathing temperature.

14. The fluid flow control system of claim 12, wherein the system is configured for use in a
shower installation, the at least one preset temperature comprises a preset safety limit, and
wherein the system is further configured such that the control valve reduces water flow if the

sensed water temperature is at or above the preset safety limit.

15. The fluid flow control system of claim 13, further comprising a second preset
temperature which comprises a preset safety limit, and wherein the system is further configured
such that the control valve reduces water flow if the sensed water temperature is at or above the

preset safety limit.

16. The fluid flow control system of any one of claims 12-15, wherein the control valve

comprises a disc valve.

17. The fluid flow control system of claim 1, wherein the flow control device comprises a

ceramic disc valve.
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18. The fluid flow control system of claim 16 or 17, wherein the disc valve comprises a first
valve plate having a pair or circumferentially-spaced arcuate openings, and a second valve plate
having first and second circumferentially-spaced openings, the first and second valve plates
located adjacent one another with at least one of the valve plates rotatable with respect to the
other such that each of the first and second circumferentially-spaced openings in the second
valve plate may be selectively placed into alignment with one of the arcuate openings in the first

valve plate in order to allow fluid flow through the aligned openings,
and further wherein the first opening in the second valve plate has:

-a first portion having a width approximately the same as the width of the arcuate

openings on the first valve plate, and
-a second portion having a width which is less than the width of the first portion.

19. The fluid flow control system of claim 18, wherein the first opening in the second valve

plate further includes a tapered width portion extending between the first and second portions.

20. The fluid flow control system of claim 19, wherein said second portion of the first

opening in the second valve plate comprises an elongate, arcuate slit.

21. The fluid flow control system of claim 19, wherein the second opening in the second
valve plate is located radially-opposite to the first portion of the first opening, and further
wherein the second opening is sized and located such that when only the tapered width portion
and the second portion of the first opening in the second valve plate are aligned with one of the
arcuate openings in the first valve plate, the second opening will not be aligned with the other

arcuate opening in the first valve plate.
22. A water flow control system for use in a shower environment, comprising:
(a) a water inlet configured to be operatively coupled to a water source;

(b) a water outlet in fluid communication with the water inlet such that water may

exit the system therethrough;

(©) a proximity sensor for detecting the position of a bather within an interrogation

region of a shower environment; and

(d) a flow control device configured to regulate the water flow rate through a shower
head attached to the water outlet, the flow control device configured to alter the

water flow rate through the system in response to the location of a bather with
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respect to the shower head, as detected by the proximity sensor, wherein the flow
control device varies the fluid flow rate proportional to the detected distance of a

bather from the proximity sensor.

23. The water flow control system of claim 22, further comprising a controller configured
for controlling the operation of the flow control device in response to the location of a bather

detected by the proximity sensor.

24. The water flow control system of claim 23, further comprising a temperature sensor for
determining water temperature in the system, and wherein the controller is configured for further

controlling the operation of the flow control device in response to water temperature.

25. The water flow control system of claim 24, wherein the controller is configured to reduce
water flow when the water temperature is at or above a first preset temperature and the presence

of a bather is not detected by the sensor.

26. The water flow control system of claim 23, wherein the controller is configured to reduce
water flow upon the occurrence of at least one of: a predetermined amount of time elapsing since
the start of a shower cycle; and a predetermined amount of water has flowed through the water

outlet.

27. The water flow control system of claim 26, wherein the system is configured to alert a

bather prior to reducing water flow.

28. The water flow control system of claim 26, wherein the system is configured to alert a

bather prior to reducing water flow by pulsing the water flow rate.

20. The water flow control system of claim 26, wherein the controller is configured to not

reduce water flow in response to a bather action after the bather has been alerted.

30. The water flow control system of claim 23, further comprising a flow measurement

device for measuring the flow rate of water through the outlet.

31. The water flow control system of claim 30, wherein the flow measurement device is

further configured to generate power for the system from water flowing therethrough.

32. The water flow control system of claim 31, wherein the flow measurement device
comprises a first turbine assembly for measuring water flow rate, and a second turbine assembly

for generating electrical power from water flowing through the system.
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33. The water flow control system of claim 32, wherein the first turbine assembly is located
upstream of the second turbine assembly, and the second turbine assembly is located upstream

of the flow control device.

34. The water flow control system of any one of claims 22-34, wherein the proximity sensor
comprises a piezoelectric ultrasonic sensor which emits ultrasonic sound waves and receives

ultrasonic sound waves reflected from a bather located adjacent the sensor.

35. The water flow control system of claim 24, wherein the controller is configured to reduce

water flow when the water temperature is at or above a preset safety limit.

36. The water flow control system of claim 24, wherein the controller is further configured

to control the temperature of water flowing from the water outlet.

37. The water flow control system of claim 22, further comprising a housing, and the fluid
inlet, fluid outlet, proximity sensor and flow control device are located in or on the housing, and

further wherein the fluid outlet is threaded to accept a shower head.

38. The water flow control system of any one of claims 22-37, wherein the flow control

device comprises a ceramic disc valve.
39. A shower control system for controlling the use of water by a bather, comprising

(a) a housing having a water inlet configured to be operatively coupled to a water
source, a water outlet in fluid communication with the water inlet and configured
for supplying water to a shower head, a flow control valve configured to regulate
water flow from the water inlet to the water outlet, and a controller configured for

controlling the operation of the flow control valve; and

(b) a proximity sensor for detecting the presence and position of a bather within an
interrogation region of a shower environment in which the system is installed, the

proximity sensor provided on a sensor arm extending from the housing;

wherein the controller is configured to receive signals indicative of the presence and position of
a bather from the proximity sensor, and control the flow of water through the housing based on

the received signals.

40. The shower control system of claim 39, further comprising a temperature sensor for

sensing the temperature of water flowing through the system, wherein the controller is
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configured to regulate fluid flow based on the sensed water temperature in relation to at least one

preset temperature.

41. The shower control system of claim 40, wherein the at least one preset temperature
comprises a preset minimum bathing temperature, and wherein the controller is further
configured such that the control valve maintains maximum water flow until the sensed water

temperature is at or above the preset minimum bathing temperature.

42. The shower flow control system of claim 40, wherein the at least one preset temperature
comprises a preset safety limit, and wherein the controller is further configured such that the
control valve reduces water flow if the sensed water temperature is at or above the preset safety
limit.

43. The shower flow control system of claim 39, wherein the controller is configured to
reduce water flow upon the occurrence of at least one of: a predetermined amount of time
elapsing since the start of a bathing cycle; and a predetermined amount of water has flowed

through the water outlet since the start of a bathing cycle.

44. The shower flow control system of claim 43, wherein the controller is configured to
accumulate bathing time since the start of a bathing cycle, wherein the accumulated bathing time
is scaled based on water flow rate, and further wherein the controller reduces water flow when

the accumulated bathing time meets or exceeds a predetermined amount of time.

45. The shower flow control system of claim 43, wherein the controller is configured to
accumulate water usage since the start of a bathing cycle, and further wherein the controller
reduces water flow when the accumulated water usage meets or exceeds a predetermined

amount.

46. The shower flow control system of claim 44 or 45, wherein the controller is configured

to alert a bather prior to reducing water flow.

47. The shower flow control system of claim 46, wherein the controller is configured to alert

a bather prior to reducing water flow by causing the water flow rate to pulse.

48. The shower flow control system of claim 44 or 45, further comprising a temperature
sensor for sensing the temperature of water flowing through the system, wherein the controller
begins accumulating bathing time or water usage upon at least one of: the sensed water
temperature stabilizing at or above a preset minimum bathing temperature; and the presence of a

bather has been detected within the interrogation region.



WO 2012/162670

1/19

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/039722

Figure 1



PCT/US2012/039722

WO 2012/162670

2/19

0l

Z 24n3i4

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670 PCT/US2012/039722

3/19

R\

X

R

__

L

.

Head

~~~~~~~~~~~~~~~~~~~~~~~

\

MR
L]

JUISURLL  DAI9D8Y

Figure 3A

¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/039722

WO 2012/162670

4/19

—l 1

g¢ anbi

peay
...................................................... M 7z %
[

Huisuri}

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670

S/19

/3i§

K
)
: Y
64 —fm S

: KQ .
SRR, R On 7 o
RO Ve oy

Figure 4

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/039722



WO 2012/162670 PCT/US2012/039722

6/19

from water f‘\
supply

36

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670 PCT/US2012/039722

7/19

L

W

\
u

i

\

J

N

timg—%

.

i

Chest

s R

\\\\\ ma

~ < N N <9 ™~

PUSURY]  SAIDDSY

N

Figure GA

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/039722

WO 2012/162670

8/19

g9 anbi4

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ S
i : pey]

’ ) 2

PR 11 -2 N

g8l

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/039722

WO 2012/162670

9/19

water supply

Ramoete
Proximit
Sensar

Temperature
Kansar
£

B
L :w“
E =
i &) 2
bl (3 g 2
e ! : 2 i
. / o
R &,

Revice
water outlet

Measuremeant

214
238 -
218

D T S

SUBSTITUTE SHEET (RULE 26)



290

000000000000

10/19

22222222222222222



WO 2012/162670

hot water
supsply

11/19

cold water

oy

Controfles

7 391

;392

ARRET S

| Measurament

Flow

Device

Temperature
Janaey

PCT/US2012/039722

Ramots
Proximity
Senaor

tser interface

3300
/300

3

[P SRR 7% 3

water cutiet

Figure 9

SUBSTITUTE SHEET (RULE 26)

- 384



PCT/US2012/039722

WO 2012/162670

12/19

oL

0T 24n3i4

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670

(.;;

278
PRSI & ]

Flow Contr

ot Logic

13/19

PCT/US2012/039722

233

Flow Measurement Logic

1808 - foe ARG o
U v v e e e e - -
SOVMAT ¢ Powear Control | W
ﬁtwo«»e. ; Power Controf Logic | 1200
SITHGR s 1680 - Mermory e
Dovice , 1‘
RRY
~~~~~~~~~~~~~~~~~ A~ ~nnnrns? i
; 3
1
]
t
: 234 1 §
% H
]
i
1
N Sensar Logie Shower Sfate Logic Comgnunications Logic
t
:
: ; ; X
r f |
3 Py
: 1708 1400 1500
t
T N T T T JU T
Sasiion Uses Remote
Sensor ttarfans Seso
3 ¥
.‘i,( T
284 288

Figure 11

SUBSTITUTE SHEET (RULE 26)




WO 2012/162670 PCT/US2012/039722

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670

PCT/US2012/039722

Y20

440

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670 PCT/US2012/039722

16/19

Yiol
W‘-—%ia%

AN SSRGS SN,

N S S TS N NN NN N N W

8 ]
8 T
gi; \\\ ;:f:
,,,,,,,,,,, | “ +
x\\\\\\\\\\\\\ g 2
mwp > S
gi ~ l; \\;;\\ \\\\\\\WMW\\\\}\Q\\ }\ - T
5 § 2 /4 h
T Y r
r~ [
F
o /"
L

Hay
.

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670

PCT/US2012/039722

17/19

WATER
Out

F16.15

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670 PCT/US2012/039722

18/19

\a—57b

SUBSTITUTE SHEET (RULE 26)



WO 2012/162670 PCT/US2012/039722

19/19

\ 57

17570

Fie.14c
Fi16. 14D

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 12139722

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - EO3C 1/01 (2012.01)
USPC - 4/668

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USPC- 4/668
IPC(8) - EO3C 1/01 (2012.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC- 4/668, 675, 676, 677, 678; 137/560; see terms below

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

US Pats, US Pub Apps, Japanese Abs, European Patents, PCT Full Text, French Patents, Derwent WPI, INPADOC, Inside
Conferences, INSPEC, NTIS, TRIS, Pascal; Google Scholar; flow control, flow rate, proximity, sensor, detect, shower, timer,
temperature, inlet, outlet, ultrasound

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2003/0102447 At (Williams, Jr.) 05 June 2003 (05.06.2003), para [0007}-[0008], [0014] 1-4, 11/(1-4), 22-23,
- 34/(22-23) 37,39
Yy |
5-10 11/(5-10), 17, 24-
33, 34/(24-33), 35-36, 40-
48
Y
US 6,029,094 A (Diffut) 22 February 2000 (22.02.2000), col 1, In 53 to col 2, In 54 5-7, 11/(5-7), 24-25, 30,
31-33, 34/(24-25, 30-33),
35-36, 4042, 44-48
Y
US 2008/0271238 A1 (Reeder et al.) 06 November 2008 (06.11.2008), para [0126] 8, 11/(8)
Y
US 4,936,508 A (Ingalz) 26 June 1990 (26.06.1990), col 6, In 1-3, col 3, In 4-28 9-10, 11/(9-10), 17, 27-
29, 32-33, 34/(27-29, 32-
33),46-48
Y
US 4,282,899 A (Dunckhorst) 11 August 1981 (11.08.1981), abstract 26-29 ,34/(26-29), 43-48
Y
US 2008/0060184 A1 (Baarman et al.) 13 March 2008 (13.03.2008), abstract 31-33, 34/(31-33)
D Further documents are listed in the continuation of Box C. D
* Special categories of cited documents: “T”  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited tlo establish the pft_lb‘lilcanon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

“P”  document published prior to the intemational filing date but later than  «g» 4ocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mallmg of the international search report
26 August 2012 (26.08.2012) 1 S E P 2 0 ] 2
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISAJUS, Commissioner for Patents . Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450 .
o PCT Helpdesk: 571-272-4300
Facsimile No.  571-273-3201 ' PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 12/39722

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. E Claims Nos.: 12-16, 18-21 and 38
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. .

2. I:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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