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WEATHER OVERRIDE IRRIGATION CONTROL SYSTEMS AND METHODS

Cross-Reference To Related Application

[0001] This application claims the benefit of U.S. Provisional Application Number
62/611,981, filed December 29, 2017, which is incorporated herein by reference in its entirety.

Technical Field

[0002] This invention relates generally to an external sensor system and external

irrigation interruption.

Background
[0003] Irrigation is critical to maintaining healthy plant life in many different geographic

regions. Applying irrigation water, however, can be costly. Accordingly, there is a need to

improve the control of irrigation.

Brief Description of the Drawings

[0004] Disclosed herein are embodiments of systems, apparatuses and methods
pertaining an external sensor system and external irrigation interruption. This description

includes drawings, wherein:

[0005] FIG. 1 illustrates a simplified block diagram of an exemplary irrigation

interruption system, in accordance with some embodiments;

[0006] FIGS. 2A-2D are a side view, a front view, an overhead perspective view, and a

side perspective view of an exemplary sensor system, in accordance with some embodiments;

[0007] FIG. 2E shows an overhead perspective view of the exemplary sensor system with
the funnel housing, debris frame and debris screen removed, in accordance with some

embodiments;

[0008] FIG. 2F shows a lower perspective view of an exemplary sensor system, in

accordance with some embodiments;

[0009] FIG. 2G shows a perspective view of an exemplary funnel housing and exemplary

debris frame separated from the central housing, in accordance with some embodiments;
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[0010] FIG. 3A illustrates a partially transparent, side view of an exemplary sensor

system, in accordance with some embodiments;

[0011] FIG. 3B illustrates a side view of the funnel housing, cooperated with the debris

frame, relative to the tipping bucket, in accordance with some embodiments;

[0012] FIG. 3C shows a perspective view of the funnel housing, cooperated with the

debris frame, relative to the tipping bucket, in accordance with some embodiments;

[0013] FIG. 3D illustrates a partial, simplified side view of an exemplary tipping bucket
relative to the funnel and drip extension when the sensor system is mounted at an angle from

vertical, in accordance with some embodiments;

[0014] FIG. 4 illustrates an overhead perspective view of an exemplary tipping bucket

and trigger placement in accordance with some embodiments;

[0015] FIG. 5 illustrates a simplified side view of an exemplary tipping bucket and an

exemplary bucket holder, in accordance with some embodiments;

[0016] FIG. 6 illustrates a perspective view of exemplary tipping bucket and an

exemplary bucket holder, in accordance with some embodiments;

[0017] FIG. 7 illustrates a perspective view of an interior of an exemplary central
housing with the bucket holder secured within the central housing and the tipping bucket secured

with the bucket holder, in accordance with some embodiments;

[0018] FIG. 8 illustrates an elevated perspective view of an exemplary central housing

comprising a protection diaphragm, in accordance with some embodiments;

[0019] FIG. 9 illustrates a bottom perspective view of an exemplary central housing and

a temperature sensor, in accordance with some embodiments;

[0020] FIG. 10 shows an exposed perspective view of an exemplary set of louvre plates
positioned relative to an exemplary temperature sensor and a tipping bucket, in accordance with

some embodiments;

[0021] FIG. 11 shows an exposed perspective view of the exemplary set of louvre plates

cooperated with a base housing, in accordance with some embodiments;
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[0022] FIG. 12 illustrates a perspective view of an exemplary control board and

exemplary power source holder, in accordance with some embodiments;

[0023] FIG. 13 illustrates a perspective view of an exemplary base housing with a control

board cooperated with the base housing, in accordance with some embodiments;

[0024] FIG. 14 shows a side view of an exemplary sensor system with the funnel housing

opened relative to the central housing, in accordance with some embodiments;

[0025] FIG. 15 illustrates an overhead perspective view of an exemplary sensor system,

in accordance with some embodiments;

[0026] FIG. 16 illustrates a lower perspective view of the exemplary sensor system of

FIG. 15, in accordance with some embodiments;

[0027] FIG. 17 illustrates a simplified view of an exemplary controller interface system,

in accordance with some embodiments;

[0028] FIGS. 18A-18H illustrate simplified representations of user interfaces 1800 that

can be utilized with the controller interface system, in accordance with some embodiments;

[0029] FIG. 19 illustrates a simplified flow diagram of an exemplary process of

controlling irrigation through an external interrupt, in accordance with some embodiments; and

[0030] FIG. 20 illustrates an exemplary system for use in implementing methods,
techniques, circuits, systems, devices, apparatuses, servers and sources, in accordance with some

embodiments.

[0031] Elements in the figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimensions and/or relative positioning of
some of the elements in the figures may be exaggerated relative to other elements to help to
improve understanding of various embodiments of the present invention. Also, common but
well-understood elements that are useful or necessary in a commercially feasible embodiment are
often not depicted in order to facilitate a less obstructed view of these various embodiments of
the present invention. Certain actions and/or steps may be described or depicted in a particular
order of occurrence while those skilled in the art will understand that such specificity with

respect to sequence is not actually required. The terms and expressions used herein have the
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ordinary technical meaning as is accorded to such terms and expressions by persons skilled in the
technical field as set forth above except where different specific meanings have otherwise been

set forth herein.

Detailed Description

[0032] The following description is not to be taken in a limiting sense, but is made

merely for the purpose of describing the general principles of exemplary embodiments.

2% 29 CC

Reference throughout this specification to “one embodiment,” “an embodiment,” “some

2 2

, “an implementation”, “some implementations

2
2

embodiments some applications”, or similar
language means that a particular feature, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment of the present invention. Thus,
appearances of the phrases “in one embodiment,” “in an embodiment,” “in some embodiments”,
“in some implementations”, and similar language throughout this specification may, but do not

necessarily, all refer to the same embodiment.

[0033] Generally speaking, pursuant to various embodiments, systems, apparatuses and
methods are provided herein useful to control irrigation through the interruption of an irrigation
controller based on locally detected weather data. In some embodiments, provide an irrigation
sensor system, comprising: a rain funnel comprising an upper opening and at least one wall
tapering from the upper opening to a lower aperture; and a tipping bucket positioned to receive
water falling from the lower aperture while the tipping bucket is positioned such that a central
longitudinal axis of the tipping bucket is not aligned with an axis extending through the lower

aperture of the funnel.

[0034] Some embodiments provide an irrigation sensor system is provided that includes:
a rain funnel comprising an upper opening and at least one wall tapering from the upper opening
to a lower aperture, a tipping rain bucket sensor, temperature sensor, a protection diaphragm, a
trigger detector, communication transceiver, and a sensor control circuit. The tipping rain bucket
sensor in some embodiments comprises: a tipping bucket positioned aligned with the lower
aperture of the funnel and comprising a first rain bucket, a second rain bucket positioned
adjacent the first rain bucket and an extended wall extending away from and between the first

and second rain buckets to alternately align a first face extending from the first rain bucket and a
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second face extending from the second rain bucket with the lower aperture; a bucket holder,
wherein the tipping bucket is pivotally secured with the bucket holder enabling the tipping
bucket to transition between a first position with the first face of the extended wall aligned with
the aperture to direct water into the first rain bucket and a second position with the second face
of the extended wall aligned with the aperture to direct water into the second rain bucket; and a
trigger secured relative to the extended wall to transition between a first station when the tipping
bucket is in the first position, and a second station when the tipping bucket is in the second
position. In some embodiments, the temperature sensor is positioned below the rain sensor and
vertically aligned with at least a portion of the tipping bucket. The protection diaphragm is
positioned between the rain sensor and the temperature sensor, and comprises a water
disbursement plate and a plurality of drain apertures. The water disbursement plate extends over
the temperature sensor and to the plurality of drain apertures causing rain water released by the
first and second rain buckets to drain through the drain apertures away from the temperature
sensor. The trigger detector is positioned relative to the trigger and configured to activate in
response to the trigger passing within a threshold distance of the trigger detector and output a tip
signal. The sensor control circuit communicatively couples with the trigger detector and the
transceiver, wherein the sensor control circuit is configured to receive the tip signals and cause
the transceiver to transmit rain signals corresponding to a predefined amount of accumulated rain

in response to the tipping of the tipping bucket.

[0035] Some embodiments provide an irrigation interruption system that comprises: a
sensor system, an override controller interface system; and an irrigation controller separate from
the sensor system and the controller interface system. The sensor system includes sensor control
circuit, a temperature sensor, and a tipping rain bucket sensor that is configured to communicate
detected rain signals corresponding to an amount of accumulated rain in response to each tipping
of the rain sensor. The override controller interface system is separate from and
communicatively coupled with the sensor system, and comprises an interface control circuit.
The irrigation controller comprises an irrigation control circuit, a set of activator output couplers
configured to couple to remote irrigation valves, and memory coupled to the irrigation control
circuit and configured to store at least one watering schedule to be executed by the irrigation

control circuit in defining when to turn on and off the irrigation valves. Further, the interface
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control circuit is configured to receive the rain signals and temperature sensor data from the
sensor system, determine when a summation of accumulated rain over a first threshold period of
time 1s greater than a user defined first accumulated rain threshold, interrupt activation of the
valves when the summation of accumulated rain is greater than the first accumulated rain
threshold, identify when a user defined first resume irrigation threshold time period has expired
since a last of the rain signals is received, and remove the interruption of the activation of the

valves to allow further activation of the valves by the irrigation controller.

[0036] FIG. 1 illustrates a simplified block diagram of an exemplary irrigation
interruption system 100, in accordance with some embodiments. The irrigation interruption
system includes one or more sensor systems 102, one or more override controller interface
systems 104 and at least one irrigation controller 106. The irrigation controller 106, in some
embodiments, is a stand-alone and/or satellite irrigation controller configured to couple with one
of multiple output couplers 110 configured to couple with and drive a respective one of multiple
valve activation output lines 108 that each electrically couple with one or more valves and/or
other such irrigation devices. For example, the irrigation controller 106 may be an irrigation
controller from the Rain Bird Corporation (e.g., SST Series controller, ESP-LX series controller,
ESP-modular series controller, ESP-SMTe series controller, ESP-TM2 Series controller, etc.), or
other irrigation controllers that are configured to implement a watering schedule to activate
irrigation valves to control the delivery water to water distributing devices (e.g., sprinklers, drip

valves, etc.).

[0037] The irrigation controller 106 includes one or more irrigation control circuits 112
that control the activation of one or more of the set of activator output couplers 110 in
accordance with the irrigation watering schedule executed by the irrigation control circuit and
defining when to turn on and off the irrigation valves. Typically, the irrigation control circuit
includes and/or couples with computer memory that stores one or more watering schedules,
programming, code, operating parameters, log data, timing information, date information,
restrictions, location information, and/or other relevant information for use by the irrigation

control circuit and/or to be communicated by the irrigation controller.

[0038] The sensor system 102 is distinct and separate from the controller interface

system 104 and the irrigation controller 106. Typically, the sensor system is placed in a location
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remote from the controller interface system and the irrigation controller in a place exposed to
weather conditions, including rain, snow, wind and the like. The sensor system 102 is in
communication with the controller interface system 104, and typically does not communicate
directly with the irrigation controller 106. In some implementations, the sensor system include
one or more wired and/or wireless transmitter and/or transceivers 114. In some embodiments,
the transceiver is a wireless transceiver providing communication between the sensor system 102
and the controller interface system 104 is via wireless communication, such as but not limited to
Wi-Fi, Bluetooth, cellular, radio frequency, other such wireless communication methods, or a
combination of two or more of such wireless communication methods. In some
implementations, the sensor system may be coupled via wired, fiber optic, a distributed

communication network, and/or other such methods with the controller interface system.

[0039] The controller interface system 104 includes an interface control circuit 116, one
or more wired and/or wireless transmitter and/or transceivers 118, and at least one switch system
120. The controller interface system 104 is typically in wireless communication with the sensor
system 102, which in some embodiments is configured to measure temperature and an amount of
accumulated rainfall. The controller interface system utilizes sensor data received from the
sensor system 102 to determine whether and when to interrupt irrigation without input from the
irrigation controller 106. Accordingly, the controller interface system provide a rainfall and/or

temperature cut off feature to the irrigation system.

[0040] Again, the sensor system 102 is positioned separate and remote from the irrigation
controller 106 at a location to receive rainfall (e.g., on a roof, on a fence, on a light pole, etc.).
Sensor data signals are transmitted from the sensor system to the controller interface system 104,
In some implementations, the controller interface system 104 is located near the irrigation
controller 106. A threshold level of rainfall accumulation and/or a threshold temperature are
utilized by the controller interface system to determine when to interrupt the activation of one or
more valves, pumps, and/or other such devices. In some embodiments, the controller interface
system 104 includes a user interface to allow a user to set a threshold level of rainfall
accumulation above which point irrigation is intended to be interrupted, a temperature threshold,
a threshold irrigation delay duration, and/or other such parameters. For example, the user can

define at what level of rainfall the user would like irrigation to be interrupted and/or define
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below what temperature the user would like irrigation to be interrupted. The controller interface
system 104 compares the signals received from the sensor system and determines whether one or
more rainfall thresholds and/or one or more temperature thresholds have been met. When one or
both thresholds have been exceeded, the controller interface system interrupts irrigation being
executed and/or to be executed by the irrigation controller over at least a threshold period of

time.

[0041] In some embodiments, the controller interface system in interrupting irrigation
opens one or more switches of a switch system 120 that is electrically in line with the common
return line 122 that is coupled to the irrigation valves, pumps and other such devices controlled
by the irrigation controller 106. By opening or “breaking” the common line 122, the electrical
path from the output line 108 to the valves and back to the irrigation controller via the common
line 122 is opened resulting in the loss of a power signal being delivered to the valve and thus,
stopping irrigation. The interruption occurs outside of the irrigation controller 106 and typically
without the irrigation controller being notified, signaled or otherwise having knowledge of such
interruption. When a switch in the controller interface system is opened, the common line 122 is
effectively opened causing the interruption of the irrigation without action by the irrigation
controller, and in some instances, with notification and/or detection by the irrigation controller.
In other applications, the switch system 120 is coupled to the sensor input 128 and when a switch
is opened, the voltage detected by the irrigation controller across the sensor input 128 changes
and the irrigation controller identifies that the irrigation controller should interrupt its own

irrigation until the switch is closed.

[0042] FIGS. 2A-2D are a side view, a front view, an overhead perspective view, and a
side perspective view of an exemplary sensor system 102, in accordance with some
embodiments. The sensor system includes a housing, which in some implementations comprises
a funnel housing 202, a central housing 204 and a base housing 206. The central housing 204, in
some applications cooperates with a mounting system 208, which may enable the sensor system
to be tilted to allow for mounting on surfaces having different angles, and in some instances
allows tilting in at least two dimensions. Typically, the sensor system includes a debris screen

212, and in some embodiments includes a debris frame with which the debris screen is secured.
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The debris frame is configured to removably cooperate with the funnel housing 202. In some

embodiments, the sensor system 102 includes a set of multiple louver plates 214.

[0043] FIG. 2E shows an overhead perspective view of the exemplary sensor system 102
with the funnel housing 202, debris frame 210 and debris screen 212 removed, in accordance
with some embodiments. FIG. 2F shows a lower perspective view of an exemplary sensor
system 102, in accordance with some embodiments. FIG. 2G shows a perspective view of an
exemplary funnel housing 202 and exemplary debris frame 210 separated from the central
housing, in accordance with some embodiments. FIG. 3A illustrates a partially transparent, side
view of an exemplary sensor system 102, in accordance with some embodiments. FIG. 3B
illustrates a side view of the funnel housing 202, cooperated with the debris frame 210, relative
to the tipping bucket 314, in accordance with some embodiments. FIG. 3C shows a perspective
view of the funnel housing 202, cooperated with the debris frame 210, relative to the tipping

bucket 314, in accordance with some embodiments.

[0044] Referring to FIGS. 2A-3D, the funnel housing 202 includes a rain funnel 302 that
has an upper opening through which rain falls and one or more funnel walls 304 tapering from
the upper opening to a lower aperture 306. The sensor system further includes a rain sensor
system. In some embodiments, the rain sensor system is implemented through a tipping rain
bucket sensor 308. The sensor system, in at least some instances, includes one or more
temperature sensors 310. Further, the sensor system 102 includes at least one sensor control
circuit 312 communicatively coupled with the tipping rain bucket sensor 308 and the temperature
sensor 310. As introduced above, the sensor system 102 further includes one or more
communication transceivers 114, which are communicatively coupled with the sensor control
circuit 312. The sensor control circuit is configured to receive tip signals from the tipping bucket
rain sensor 308 and temperature data from the temperature sensor 310. Further, the sensor
control circuit is configured to cause the transceiver to transmit rain signals corresponding to a
predefined amount of accumulated rain in response to the tipping of the tipping bucket and/or
transmit temperature data or signals to the controller interface system 104. As indicated above,
in some implementations the transceiver 114 is a wireless transceiver configured to at least
wirelessly transmit sensor data (e.g., rain signals and/or temperature data) to the controller

interface system 104.
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[0045] The tipping rain bucket sensor 308 includes a tipping bucket 314 pivotably
secured with a bucket holder 316 enabling the tipping bucket 314 to transition between first and
second positions. FIG. 4 illustrates an overhead perspective view of an exemplary tipping bucket
314 in accordance with some embodiments. FIG. 5 illustrates a simplified view of an exemplary
tipping bucket 314 and an exemplary bucket holder 316, in accordance with some embodiments.
FIG. 6 illustrates a perspective view of exemplary tipping bucket 314 and an exemplary bucket
holder 316, in accordance with some embodiments. Referring to FIGS. 2A-6, the tipping bucket
314 includes a first rain bucket 402 and a second rain bucket 404 that is positioned adjacent the
first rain bucket. An extended wall 406 is included that extends away from and between the first
and second rain buckets. The extended wall includes a first face 408 forming part of and
extending from the first bucket 402, and an opposing, mirrored second face 410 forming part of
and extending from the second bucket 404. In some embodiments, a trigger 320 is secured

relative to the extended wall, and typically on an exterior side wall 414 of the tipping bucket 314.

[0046] The tipping bucket 314 is pivotably secured with the bucket holder 316 enabling
the tipping bucket to transition between a first position with the first face 408 of the extended
wall 406 aligned with the lower aperture 306 to direct water dripping from the lower aperture
into the first rain bucket 402, and a second position with the second face 410 of the extended
wall 406 aligned with the lower aperture 306 to direct water dripping from the lower aperture
into the second rain bucket. Accordingly, when in the tipping bucket is in the first position the
extended wall is tilted at a first acute angle relative to an axis extending perpendicular through
the lower aperture with the first face aligned with that axis extending perpendicular through the
lower aperture. Alternatively, when the tipping bucket is in the second position the extended
wall is tilted at a second acute angle relative to the axis extending perpendicular through the
lower aperture, and which is a mirrored angle of the first acute angle, with the second face

aligned with that axis extending perpendicular through the lower aperture.

[0047] The sensor system further includes one or more trigger detectors 322 or switches
positioned relative to the trigger 320 and configured to activate in response to the trigger 320
passing within a threshold distance of the trigger detector, and to output a tip signal to the sensor
control circuit 312 and/or the transceiver 114. In some embodiments, the trigger 320 is a magnet

or other structure that can be wirelessly detected by the trigger detector 322. For example, the
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trigger 320 may include a magnet and the trigger detector may include a hall effect sensor, reed
switch, other such detector or a combination of two or more of such detectors. In some
embodiments, the trigger 320 is secured relative to the extended wall 406 and transitions in
accordance with the tipping of the tipping bucket 314 between a first station when the tipping
bucket is in the first position, and a second station when the tipping bucket is in the second
position. Each time the tipping bucket tips, the trigger 320 passes within the threshold distance
of the trigger detector 322 to allow the trigger detector to detect the tipping transition. Each
tipping of the tipping bucket corresponds to a predefined accumulation of a volume or quantity
of water. The tipping causes the accumulated water to be tipped out of the bucket, and
subsequent rain captured by the funnel 302 is directed into the other bucket that is in an elevated
position relative to the other bucket. The tipping bucket 314 is typically formed symmetrical
and/or mirrored long the extended wall between the first bucket and the second bucket. Each of
the first and second buckets are precisely configured to accumulate substantially the same, and
typically the same volume or weight of water. Once the predefined accumulated quantity of
water is captured, the tipping bucket tips to release the water from that bucket and cause further
water to be directed by the extended wall into the other of the two buckets until the predefined
accumulation of water is captured in that bucket causing a subsequent tipping. The tipping

continues as the rain continues. Each tipping is detected by the detector 322

[0048] In some embodiments, the sensor system 102 is implemented with a relatively
small size and/or occupying a relatively small volume. Other conventional tipping rain bucket
sensors typically have significantly larger sizes to allow those other systems to fit the
components of the sensor within the sensor systems and collect sufficient quantities of rain.
Further, other sensor system often do not include temperature sensors or the temperature sensors
are separated from the rain sensor, such as in a separate housing, or secured external to the rain
sensor. The current sensor system 102, however, provides a reduced size in part by shifting the
tipping bucket 314 out of a central alignment with the funnel 302 and/or a central axis of the
sensor system. This is counter intuitive to an expected optimal operation because this shift out of
direct axial alignment of the tipping bucket would be expected to result in a failure to direct all of
the water captured by the funnel into one of the buckets 402, 404. Further, those skilled in the

art would typically consider such a mis-alignment to be detrimental to the sensor system, e.g., by
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causing less than all of the water dripping to land in the bucket, causing a mis-balance of the

bucket, and so on.

[0049] In some embodiments of the sensor system 102, however, the funnel 302 is
positioned with the lower aperture 306 at least partially mis-aligned from a longitudinal central
axis 328 of the tipping bucket 314. In some implementations, for example, the funnel 302 is
positioned with the lower aperture 306 positioned about an axis 326, which may coincide with a
central axis of the sensor system 102. Further, a central longitudinal axis 328 of the tipping
bucket 314, which is perpendicular to the axis about which the tipping bucket tips, is off-set from
and not aligned with the central axis 326 and not aligned with the lower aperture of the funnel.
Shifting the tipping bucket 314 provides additional space within the central housing 204 and/or
funnel housing 202 to position the trigger detector 322 and/or a circuit board with which the
trigger detector is mounted, which in part enables a reduced volume and size of the sensor
system. Further, in some embodiments, the temperature sensor 310 is positioned below the rain
sensor and vertically aligned with at least a portion of the tipping bucket 314. Accordingly,
dimensions of the sensor system can be further reduced by positioning the temperature sensor

below and at least partially aligned with the tipping bucket.

[0050] Further, with the off-set between the central portion of the tipping bucket 314 and
the lower aperture 306, some embodiments are configured to position the bottom of the funnel
and the aperture 306 to be relatively close to the tipping bucket 314. In some embodiments, the
funnel 302 comprises a drip extension 332 that extends from the lower aperture 306, and the end
of the drip extension 332 is positioned to be within a threshold vertical separation distance from
upper edges 416, 418 of opposing lateral side walls of the tipping bucket. The vertical separation
provides a margin of error in mounting the sensor system. It is anticipated that in some
instances, the sensor system may not be mounted in a completely vertical orientation.
Accordingly, the vertical separation provides at least some compensation for the fact that water
from the funnel will drip vertically even when the sensor system is not vertically mounted in
order to ensure, within threshold margins, water from the lower aperture at least contacts the
lateral sides of the tipping bucket to be directed to and captured by one of the first and second
buckets. FIG. 3D illustrates a partial, simplified side view of an exemplary tipping bucket 314

relative to the funnel 302 and drip extension 332 when the sensor system is mounted at an angle
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330 from vertical, in accordance with some embodiments. In some applications, for example,
the threshold vertical separation distance (Y) is proportional to a lateral distance (X) between the
end of the drip extension and the upper edge 416 of the opposing side wall upon which the
trigger 320 is positioned (and in some instances, the lateral side wall closest to the drip
extension) and a mounting threshold tilt angle 330 away from vertical (e.g., less than 20 degrees,
and typically less than 15 degrees away from vertical). In some embodiments, the drip
extension 332 extends from the lower aperture, and an end of the drip extension is positioned at
least level with the upper edge 416 of the opposing lateral side walls of the tipping bucket
extending from the extended wall 406. In some embodiments, the sensor system 102 may
include one or more level indicators 226 (e.g., translucent tube with a bubble within colored
liquid, digital alignment system (e.g., gyroscopic sensor, accelerometer, etc.), or the like)
positioned on an exterior and/or interior of the housing of the sensor system to assist the user in

mounting the sensor system and orienting the sensor system.

[0051] As described above, when the tipping bucket 314 tips, for example, from the first
position to the second position, the accumulated quantity of water flows out of the first bucket
402. With the temperature sensor 310 being positioned below the tipping bucket, some
embodiments further include a protection diaphragm 702 positioned between the rain sensor and
the temperature sensor 310. FIG. 7 illustrates a perspective view of an interior of an exemplary
central housing 204 (where the funnel housing 202 is not being illustrated) with the bucket
holder 316 secured within the central housing and the tipping bucket 314 secured with the bucket
holder, in accordance with some embodiments. FIG. 8 illustrates an elevated perspective view of
an exemplary central housing 204 comprising the protection diaphragm 702, in accordance with
some embodiments. FIG. 9 illustrates a bottom perspective view of an exemplary central
housing 204 and the temperature sensor 310, in accordance with some embodiments. Referring
to FIGS. 7-9, the protection diaphragm 702 is position between the tipping bucket 314 and the
temperature sensor 310. In some embodiments, diaphragm is positioned to direct water dumped
from the first and second buckets 402 and 404 away from the temperature sensor 310. The
diaphragm can, in some applications, include a water disbursement plate 704, and one or more
drain apertures 700, grates, grills or the like. The water disbursement plate 704 extends over the

temperature sensor 310 and to the plurality of drain apertures 706 causing rain water released by
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the first and second rain buckets to drain through the drain apertures away from the temperature
sensor. Accordingly, the temperature sensor 310 can be positioned at least partially in alignment
with the tipping bucket 314 while water released from the tipping bucket is directed away from
the temperature sensor. By incorporating the temperature sensor under the tipping bucket, the

sensor system can be implemented with a reduced size than other tipping bucket sensor systems.

[0052] In some embodiments, the bucket holder 316 is secured with the diaphragm 702
such that the tipping bucket 314 is separated from the diaphragm by a distance. For example, in
some applications, the diaphragm 702 comprises one or more tab mountings 710 each configured
to receive at least a portion of one or more tabs 602 of the bucket holder 316, and/or the bucket
holder may include one or more tab mountings 710 configured to receive at least a portion of a
tab of the diaphragm. In some implementations, for example, the bucket holder includes at least
one flexible tab 602, and in some instances at least a pair of flexible tabs 602 positioned on
opposing sides and each comprising lateral ridges 604, steps, ledges, or the like configured to
engage the tab mountings 710 and secure the bucket holder with the diaphragm 702. The
diaphragm, in some embodiments, comprises one or more protrusions 812 extending from an
upper surface of the diaphragm and each protrusion comprising a recess forming the tab
mountings 710 and configured to receive at least a portion of a corresponding and aligned one of
the lateral ridges 604 of a corresponding one of the flexible tabs 602. In other implementations,
the protrusions 812 may include flexible tabs, lateral ridges, ledges or the like that can mate with
recesses and/or holes formed in the bucket holder. In yet other embodiments, the bucket holder

may be formed as part of the diaphragm 702.

[0053] The bucket holder 316, in some embodiments, includes a pair of pivot posts 608,
pegs, bumps, or other such supports extending laterally. Similarly, the tipping bucket includes a
pair of pivot apertures 610, cavities, recesses or the like, each configured to mate with a
respective one of the pair of pivot posts 608 enabling the tipping bucket to pivot along the
tipping axis extending through the pivot posts. In some embodiments, one of the pivot posts is
larger than the other, and similarly one of the pivot apertures is larger than the other. This
configuration ensures proper assembly, orientation and/or replacement of the tipping bucket.
The proper assembly ensures that the trigger 320 is oriented in a correct direction to be

accurately detected by the trigger detector 322 as the tipping bucket tips between the first and
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second positions. In other implementations, the coupling between the bucket holder and the
tipping bucket is reversed, with the tipping bucking having the pivot posts and the bucket holder
having pivot apertures. In yet other implementations, each of the bucket holder and the tipping
bucket may include one of each of a pivot post and a pivot aperture to mate accordingly. This
ensures accurate assembly and/or replacement of the tipping bucket. Further, in some
embodiments one or both of the tipping bucket and the bucket holder may include pivot ears that
extend to position the respective pivot posts and pivot apertures at desired dimensions to provide
a separation in distance between the tipping bucket and the bucket holder to provide a desired
arch of motion and/or degree of rotation of the tipping bucket to effectively tip the tipping bucket

to release the accumulated water.

[0054] Further, some embodiments include a set of one or more louvres or louvre plates
214 that provide some additional protection for the temperature sensor 310 from the tipped rain
water and adverse weather conditions, while still ensuring the temperature sensor is exposed to
ambient temperatures and wind. The set of multiple louvre plates 214 are positioned below the
diaphragm 702 and about the temperature sensor. For example, a set of three louvre plates can
be stacked with the temperature sensor positioned between the diaphragm and a top most louvre
plate. FIG. 10 shows an exposed perspective view of an exemplary set of louvre plates 214
positioned relative to an exemplary temperature sensor 310 and the tipping bucket 314
positioned on the bucket holder 316 (with the diaphragm 702 removed for illustrative purposes),
in accordance with some embodiments. FIG. 11 shows an exposed perspective view of the
exemplary set of louvre plates 214 positioned relative to an exemplary temperature sensor 310,
with the set of louvre plates cooperated with the base housing 206 (with the diaphragm 702
removed for illustrative purposes), in accordance with some embodiments. In some
implementations, the set of louvre plates are separate from the base housing and can be
cooperated with the base housing, for example, through one or more bolts, rivets, snap-fittings,
compression fitting, other such coupling methods or combination of two or more of such

coupling methods.

[0055] In some embodiments, one or more of the louvre plates is formed with curved
perimeter sides 1002 tapering away from the diaphragm 702 and outward from the central axis

326. In some instances, the curved perimeter sides of the top most louvre plate vertically align
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with the drain apertures 706 of the diaphragm 702 to direct water dropping from the drain
apertures out away from the central axis 326 and the temperature sensor 310. Further, each
louvre plate can be spaced from the other of the louvre plates establishing air gaps between the
louvre plates and exposing the temperature sensor to ambient air while limiting rain water from
contacting the temperature sensor. In some embodiments, an upper louvre plate may be
positioned with at least a portion of the plate positioned between the temperature sensor 310 and
the diaphragm 702, with an exterior lower edge 1004 extending below a plane defined along a

bottom of the temperature sensor.

[0056] As illustrated in at least FIGS. 3A and 11, some embodiments include one or
more control boards 216 with which at least electrical components of the sensor system 102 are
mounted, and in some instances provides electrical coupling (e.g., through metal trace on and/or
within the control board) between two or more of the components. For example, the control
board may be formed as a printed circuit board (PCB), a mounting board with electrical trace, or
other such board. FIG. 12 illustrates a perspective view of an exemplary control board 216 and
exemplary power source holder 1206, in accordance with some embodiments. In some
implementations, for example, the sensor control circuit 312, the trigger detector 322 and the
temperature sensor 310 are coupled to and typically electrically coupled with the control board
216. The control board, in some applications, further includes a power source couplers 1202,
1204 configured to electrically couple with a removable power source (e.g., battery, power cell,
etc.) and conduct power from the power source to the one or more components of the sensor
system electrically coupled with the control board. In some embodiments, the sensor system 102
includes one or more removable power source holders 1206 that is configured to be removed to
allow a power source (e.g., button battery) to be cooperated with the power source holder or
replaced, and then reinserted to a predefined position to cause the power source to contact the
power source couplers 1202, 1204. The power source holder 1206, in some implementations,
includes a holder base 1208, and a power source retaining slot 1210 cooperated with and in some
instances extending from the holder base and configured to retain at least one removable power
source. In some embodiments, the holder base is configured to cooperate with the base housing
206, and in some instances secure the power source holder 1206 with the base housing. Further,

the power source holder 1206, in some applications includes one or more catch arms 1214 with
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catches 1216 proximate ends distal from the holder base 1208. The catches 1216 can be
configured to catch on part of the base housing 206 so that the power source holder 1206 stays in
contact with the sensor system after the power source holder is pulled out of the sensor source
system providing a user with access to insert and/or replace a power source without the entire
power source holder 1206. Further, in some embodiments, at least a portion of the catch arms
1214 are not secured with the control board and are configured to flex at least proximate the
catches 1216. As such, a user can apply pressure to the catch arms proximate the catches (e.g.,
compress the arms together or push the arms apart) to allow the user to disengage the catches
1216 from the base housing 206 and completely remove the power source holder 1206 from the

sensor system 102, and similarly return the power source holder to the sensor system.

[0057] In some embodiments, one or more indicators 1220 (e.g., lights, LEDs, audio
generators, etc.) may be cooperated with the control board 216 and electrically coupled with the
power source and/or the sensor control circuit 312. Typically, these indicators are visible and/or
audible to a user from an exterior of the sensor system. These indicators can be activated in
response to a power source being accurately coupled with the power source couplers 1202, 1204,
and/or activated by the sensor control system. The activation and/or deactivation of the
indicators provide information to a user regarding one or more operating states of the sensor
system. For example, in some implementations an LED 1220 is positioned proximate the holder
base 1208 and light from the LED is visible from an exterior of the sensor housing. The holder
base 1208 and/or the base housing 206 may, for example, include a lens covered aperture 224
(e.g., see FIG. 2F) allowing the user to see light from the LED. This LED can be activated when
a power source is electrically coupled with the powers source couplers 1202, 1204 to notify a
user that the power source (and thus the power source holder 1206) is properly installed within
the sensor system. Additionally or alternatively, in some embodiments some or all of the power
source holder 1206 is formed from an optically propagating light conductive material providing a
wave guide. An LED 1220 can be positioned proximate the power source holder (e.g.,
proximate one of the catches 1216). When the LED is activated, the light from the LED is
propagated by the power source holder to cause light to be emitted through some or all of the

holder base 1208 and be detected from an exterior of the sensor system by a user.
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[0058] In some embodiments, the sensor system includes a control board cavity 336
configured to receive and hold the control board 216. FIG. 13 illustrates a perspective view of
an exemplary base housing 206 with a control board 216 cooperated with the base housing, in
accordance with some embodiments. Referring to at least FIGS. 3A, 7-9, 11 and 13, in some
applications the control board cavity 336 is separated from a main sensor cavity in which the
tipping bucket 314 is maintained to, in part, provide protection for the control board and
electrical components cooperated with the control board. For example, in some embodiments,
the central housing 204, which is positioned about the tipping bucket 314, includes a first partial
control board cavity 802 separated by a first control board cavity wall 804 from the main sensor
cavity and the tipping bucket. Similarly, the base housing 206 can include a second partial
control board cavity 1302. The base housing 206 is configured to cooperated with the central
housing 204 cooperating the first partial control board cavity 802 and the second partial control
board cavity 1302 forming the control board cavity. The control board 216 can be mounted
within the control board cavity. In some embodiments, leads of the temperature sensor extend
through the first control board cavity wall 804 to electrically couple with the control board

and/or sensor control circuit.

[0059] In some embodiments, the holder base 1208 of the power source holder 1206 is
configured to secure with the base housing 206 and close the control board cavity (e.g., see FIG.
2F) while aligning at least one removable power source with the power source couplers, and in
some instances provide a water tight seal and sealing the control board cavity. In some
implementations, one or more gaskets, ring seals, or the like may be cooperated with the holder
base and/or cooperated with a receiving port of the base housing 206 to establish a water tight
seal. A “coin” recess 1222 may be formed in the holder base 1208 to receive a portion of a coin,
screwdriver, finger nail or other object that can be used by the user to pry out the power source

holder 1206.

[0060] FIG. 14 shows a side view of an exemplary sensor system 102 with the funnel
housing 202 opened relative to the central housing 204, in accordance with some embodiments.
The sensor system 102 can be configured to allow a user to clean and/or perform other
maintenance and repairs to the sensor system. In some embodiments, the funnel housing 202

and/or the debris frame 210 can be removed and/or moved to an open position exposing the
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interior main sensor cavity and at least the tipping bucket 314. The funnel housing 202 can be
hingedly or pivotably coupled with the central housing 204 through one or more snap C-grooves
and corresponding rods, hinge loops and pins, and/or other such methods. As such, the pivot
coupling provides a clam-shell or jaw opening operation of the funnel housing relative to central
housing. This allows the funnel housing to be opened to expose and provide access to the main
sensor cavity and at least the tipping bucket 314. With access to the main sensor cavity, a user

can clean out the main sensor cavity to remove debris and clean and/or repair the tipping bucket.

[0061] Referring to FIGS. 2A-2G, 3A-3D, 7-8 and 14, the funnel housing 202 can
rotatably pivot relative to the central housing to pivot the funnel 302 away from the tipping
bucket 314 and provide access to an interior of the sensor system including at least access to the
tipping bucket. In some embodiments, the central housing 204 comprises an elongated opening
814 at a front surface exposing the tipping bucket 314 and in some instances the bucket holder
316. Similarly, the funnel housing 202 may comprise an extended or elongated opening cover
1402 having dimensions at least equal to and typically greater than the elongated opening 814
such that when the funnel housing is rotated into the closed position the elongated opening cover
1402 covers the elongated opening 814. In some implementations, the central housing 204 may
include a recessed lip 816 that is recessed from an exterior surface of the central housing and
extending generally parallel with the exterior housing. The recessed lip 816 may extend about
the perimeter of the top of opening of the central housing where the central housing is intended
to contact the funnel housing 202. The funnel housing may be configured to mate with the
recessed lip. In some applications, for example, the funnel housing may include an extended lip
1404 that has a reduced thickness along a portion of the perimeter of lower portions of the funnel
housing and configured to mate with the recessed lip 816 of the central housing. Additionally or
alternatively, in some embodiments, the elongated opening cover 1402 and/or the elongated
opening 814 may include a seal, gasket or the like that limits or prevents rain from entering the
central main sensor cavity, defined by the central housing and within which the tipping bucket is
positioned, without passing through the funnel and into one of the buckets of the tipping bucket.
In some embodiments the funnel housing is pivotably coupled with the central housing to

enclose the rain sensor tipping bucket and the temperature sensor.
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[0062] Further, some embodiments are configured such that the debris frame 210 and
debris screen 212 are removable from the funnel housing 202. In some implementations, for
example, the debris frame includes tabs 220 that latch, snap into and/or otherwise secure with
grooves 222, recesses, apertures, protrusions or the like formed in the funnel housing 202. For
example, the tabs 220 may elastically flex when being cooperated with the funnel housing 202
and snap fit with one or more grooves 222, protrusions and/or openings of the funnel housing to
secure the debris frame with the funnel housing. The ability to remove the debris frame enables
a user to clean the funnel 302, remove debris trapped in the funnel, unclog the lower aperture

306 and perform other such maintenance.

[0063] Other embodiments do not include the elongated opening 814 and elongated
opening cover 1402. For example, in some embodiments, the funnel housing 202 is level or
substantially level at a lower end to mate with a level or substantially level upper end of the
central housing 204. FIG. 15 illustrates an overhead perspective view of an exemplary sensor
system 102, in accordance with some embodiments. FIG. 16 illustrates a lower perspective view
of the exemplary sensor system 102 of FIG. 15, in accordance with some embodiments. The
funnel housing 202 snap fits with the central housing 204 through one or more tongue and
grooves, flexible taps, compression points, latches, and/or other such methods of securing the
funnel housing with the central housing. The dimensions of the funnel housing can be
configured to extend low enough along a depth of the main sensor cavity so that once removed a
user can readily reach into the main sensor cavity to remove debris (e.g., resting on the
diaphragm) and otherwise clean out the main sensor cavity, and/or perform other maintenance of

the sensor system.

[0064] Further, in some implementations, the sensor system does not include a separate
base housing, and instead the central housing extends all the way to the base 1504. Similarly, in
some embodiments, the set of louvre plates 214 can be formed as part of the central housing and
not detachable from the central housing. For example, in some embodiments, the central
housing is formed through injection molding to form as a single continuous piece including the
central housing, the base housing, the set of louvre plates, the diaphragm, and the threaded

mounting stem. The debris frame may further be configured to readily detach from the funnel
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housing in response to a threshold pressure and/or upon a user disassociating one or more taps or

other such securing structures.

[0065] As introduced above, the first and second buckets 402, 404 are configured to
collect a predefined accumulated amount of water before the tipping bucket 314 tips.
Accordingly, the sensor system is configured to communicate an indication of specific quantities
of water detected over time by tracking each tip of the tipping bucket. This is in contrast to other
rain sensor systems that utilize one or more hygroscopic disks or other such absorption material
that triggers a switch based on an expansion of the disks in response to absorbing water. For
example, some other rain sensor systems utilize a sensor that includes a stack of hygroscopic
disks that expand when exposed to water and contract when water evaporates away. An
electrical signal is produced by a sensor, where the signal corresponds to the amount of
expansion of the disks. Such systems, however, typically cannot determine a quantity of rain
received, and cannot continue track quantities received once the disks are expanded.
Alternatively, the present sensor system 102 utilizes the tipping rain bucket sensor to detect and
communicate detected rain signals corresponding to a predefined specific amount of

accumulated rain in response to each tipping of the rain bucket.

[0066] The controller interface system 104, which is separate from and communicatively
coupled with the sensor system 102, receives the rain signals and/or rain data identifying an
amount of water received. Further, the sensor system 102 can communicate temperature sensor
data that is received at the controller interface system. The controller interface system can
determine when a summation of accumulated rain over a threshold period of time is greater than
a predefined first accumulated rain threshold. This first accumulated rain threshold may be user
specified through a user interface of the controller interface system. In other instances, the first
accumulated rain threshold may be set as a default within memory of the controller interface
system. The interface control circuit is configured to interrupt activation of the valves when the
summation of accumulated rain is greater than the first accumulated rain threshold. Further, the
interface control circuit tracks the time of the interruption. In some embodiments, the interface
control circuit identifies when a defined first resume irrigation threshold time period has expired
since a last of the rain signals is received and/or a time since a last predefined quantity of rain

was detected by the sensor system. The first resume irrigation threshold time period may be user
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defined, defined within memory of the controller interface system (e.g., based on duration of
rain, quantity of rain, other such factors, or combination of such factors), or the like. When the
defined first resume irrigation threshold time period has expired the interface control circuit is
configured to remove the interruption of the activation of the valves to allow further activation of
the valves by the irrigation controller. This can include, for example, closing a switch to close
the common line 122. In some embodiments, the interface control circuit in removing the
interruption is configured to identify that the first resume irrigation threshold period of time is to
be used from a set of multiple resume irrigation threshold periods as a function of a total amount

of accumulation of rain detected and a duration of the accumulation.

[0067] In some embodiments, the control interface system 104 includes a user interface
that allows the user to enter parameters into the controller interface system and/or obtain
information from the controller interface system. FIG. 17 illustrates a simplified view of an
exemplary controller interface system 104, in accordance with some embodiments. The
controller interface includes a user interface comprising one or more displays 1702, and user
inputs 1704 (e.g., buttons, touch screen, trackball, etc.). FIG. 18A illustrates a simplified
representation of a user interface 1800 that can be utilized with the controller interface system
104, in accordance with some embodiments. Typically, all of the information represented is not
displayed at the same time, and instead is illustrated to provide representative examples of the
type of information that may be presented and how the information may be presented (e.g.,
textual, pictorial, etc.). In the example of FIG. 18A, the information may correspond to rain
information with a pictorial representation of a quantity of water detected 1802, numeric quantity
of rain 1804 (e.g., in inches or metric), whether irrigation is interrupted 1806, number of days to
delay irrigation 1808, a current day during the delay 1810, a current temperature and/or setting a
threshold temperature 1812, whether there is a hold to override the sensor 1814 (e.g., 48 hr. hold,
72 hr. hold), a pictorial representation of remaining battery power 1816, wireless communication
strength 1818, pictorial representation of rain status 1820, and interruption indicator due to rain
1822. FIG. 18B illustrates additional or alternative representation of information provided
through the user interface. In some instances, for example, the display may depict a pictorial
representation of a quantity of water detected and/or quantity of water relative to a threshold

1802, whether irrigation is interrupted 1806, number of days to delay irrigation 1808, a current
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day during the delay 1810, a current temperature and/or setting a threshold temperature 1812,
whether there is a hold to override the sensor 1814 (e.g., 48 hr. hold, 72 hr. hold), a pictorial
representation of remaining battery power 1816, wireless communication strength 1818, pictorial
representation of rain status 1820, interruption indicator due to rain 1822, and/or an interruption

indicator due to temperature 1824.

[0068] FIG. 18C illustrates an interface allowing a user to set a minimum rainfall before
interruption is to occur 1830, and interruption delays in hours 1832. FIG. 18D illustrates an
exemplary representation of a displayed user interface providing status information, such as but
not limited to pairing 1836 between controller interface system 104 and a sensor system 102,
whether to bypass interruption 1838, reactivating a pairing process 1840, saving data 1842,
resetting settings 1844, and/or other such information. FIG. 18E illustrates another
representative user interface display that additionally includes a pictorial representation of a
current temperature 1848 and potential set temperature thresholds. FIG. 18F illustrates a
simplified representation of a controller interface system 104 with a user interface that includes
user inputs 1704 and a display 1702, in accordance with some embodiments. In this
representation, the user interface is displaying relevant numeric information about current
temperature 1852, a numeric indication of a quantity of detected rainfall 1854 (e.g., “.8 in”), a
pictorial representation of an indication that rain is being detected 1856, and a pictorial
representation of a quantity of water detected 1858. FIG. 18F further illustrates other potential
alphanumeric and pictorial representations that be displayed to the user (e.g., an indication of
irrigation delay 1860, pictorial representation that irrigation is interrupted because of temperature
1862, an indication that there is no communication connection with the sensor system 1864, that
irrigation interrupted 1866, and the like). FIG. 18G illustrates a simplified representation of a
controller interface system 104 with a user interface that includes user inputs 1704 and a display
1702, in accordance with some embodiments. In this representation, the user interface is
displaying a pictorial representation of an indication of a quantity of rain detected 1856 and one
or more rain thresholds 1870, and an indication of a current temperature 1852. FIG. 18G further
illustrates other potential alphanumeric and/or pictorial information similar to those described
above in accordance with some implementations and/or states of operation. FIG. 18H illustrates

a simplified representation of a controller interface system 104 with a user interface that includes
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user inputs 1704 and a display 1702, in accordance with some embodiments. In this
representation, the user interface is displaying a pictorial representation of an indication of a
quantity of rain detected 1856, a pictorial indication that irrigation is interrupted 1866, and an
estimated duration of time remaining before an interrupt is removed 1874 and one or more rain
thresholds 1870, and an indication of a current temperature 1852. FIG. 18G further illustrates
other potential alphanumeric and/or pictorial information similar to those described above in

accordance with some implementations and/or states of operation.

[0069] FIG. 19 illustrates a simplified flow diagram of an exemplary process 1900 of
controlling irrigation through an external interrupt, in accordance with some embodiments. In
step 1902, the sensor control circuit 312 receives a tip signal corresponding to a predefined
accumulation of water. In step 1904, the sensor control circuit additionally or alternatively
receives temperature data from the temperature sensor 310. In step 1906, one or more rain
signals and/or one or more temperature data signals is communicated to the controller interface

system 104. Typically, the rain signal is wirelessly communicated.

[0070] In step 1908, the interface control circuit 116 receives the communicated rain
signal corresponding to an amount of accumulated rain in response to each tipping of the rain
sensor and/or one or more temperature data signals. In step 1910, the interface control circuit
determines when a summation of accumulated rain over a first threshold period of time is greater
than a user defined and/or one or more system defined first accumulated rain threshold.
Additionally or alternatively, in step 1912, the interface control circuit determines when the
current ambient temperature is less than a user defined and/or one or more system defined

temperature threshold.

[0071] In step 1914, the activation of the valves is interrupted when one or both the
summation of accumulated rain is greater than the first accumulated rain threshold and/or the
current ambient temperature is less than the temperature threshold. In step 1916, it is identified
when a last rain signal is received relative to a threshold period of time. In step 1918 it is
determined when a threshold irrigation delay duration has expired since the last rain signal is
received. In some embodiments the user can set a threshold irrigation delay duration to apply
following a rain event. For example, the interface control circuit may identify when a user

defined first resume irrigation threshold time period has expired since a last of the rain signals is
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received. This delay allows the plant life to utilize the rain water instead of receiving further
irrigation water. Additionally or alternatively, the controller interface system may determine a
threshold irrigation delay to apply based on a duration and/or a quantity of water received during
one or more irrigation events. In step 1920 it is determined when the current temperature has
exceeded the temperature threshold. In step 1922, the interruption of the activation of the valves

is removed to allow further activation of the valves by the irrigation controller.

[0072] Further, the circuits, circuitry, systems, devices, processes, methods, techniques,
functionality, services, servers, sources and the like described herein may be utilized,
implemented and/or run on many different types of devices and/or systems. FIG. 20 illustrates
an exemplary system 2000 that may be used for implementing any of the components, circuits,
circuitry, systems, functionality, apparatuses, processes, or devices of the sensor system 102, the
controller interface system 104, the irrigation controller 106, control circuits, and/or other above
or below mentioned systems, circuits or devices, or parts of such circuits, circuitry, functionality,
systems, apparatuses, processes, or devices. However, the use of the system 2000 or any portion

thereof is certainly not required.

[0073] By way of example, the system 2000 may comprise a control circuit or processor
module 2012, memory 2014, and one or more communication links, paths, buses or the like
2018. Some embodiments may include one or more user interface 2016, and/or one or more
internal and/or external power sources or supplies 2040. The control circuit 2012 can be
implemented through one or more processors, microprocessors, central processing unit, logic,
local digital storage, firmware, software, and/or other control hardware and/or software, and may
be used to execute or assist in executing the steps of the processes, methods, functionality and
techniques described herein, and control various communications, decisions, programs, content,
listings, services, interfaces, logging, reporting, etc. Further, in some embodiments, the control
circuit 2012 can be part of control circuitry and/or a control system 2010, which may be
implemented through one or more processors with access to one or more memory 2014 that can
store instructions, code and the like that is implemented by the control circuit and/or processors
to implement intended functionality. Again, the system 2000 may be used to implement one or
more of the above or below, or parts of, components, circuits, systems, processes and the like.

For example, the system may implement the sensor system 102 with the control circuit 2012
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being a sensor control circuit 312, the controller interface system with the control circuit 2012
being an interface control circuit 116, the irrigation controller 106 with an irrigation control

circuit 112, or other components.

[0074] The user interface 2016 can allow a user to interact with the system 2000 and
receive information through the system. In some instances, the user interface 2016 includes a
display 2022 and/or one or more user inputs 2024, such as buttons, touch screen, track ball,
keyboard, mouse, etc., which can be part of or wired or wirelessly coupled with the system 2000.
Typically, the system 2000 further includes one or more communication interfaces, ports,
transceivers 2020 and the like allowing the system 2000 to wired and/or wirelessly communicate
over a communication link (e.g., Wi-Fi, Bluetooth, cellular, etc.), bus, a distributed computer
and/or communication network (e.g., a local area network (LAN), the Internet, wide area
network (WAN), etc.), communication link 2018, other networks or communication channels
with other devices and/or other such communications or combination of two or more of such
communication methods. Further the transceiver 2020 can be configured for wired, wireless,
optical, fiber optical cable, satellite, or other such communication configurations or combinations
of two or more of such communications. Some embodiments include one or more input/output
(I/0) ports 2034 that allow one or more devices to couple with the system 2000. The I/O ports
can be substantially any relevant port or combinations of ports, such as but not limited to USB,
Ethernet, or other such ports. The I/O interface 2034 can be configured to allow wired and/or
wireless communication coupling to external components. For example, the I/O interface can
provide wired communication and/or wireless communication (e.g., Wi-Fi, Bluetooth, cellular,
RF, and/or other such wireless communication), and in some instances may include any known
wired and/or wireless interfacing device, circuit and/or connecting device, such as but not limited
to one or more transmitters, receivers, transceivers, or combination of two or more of such

devices.

[0075] The system 2000 comprises an example of a control and/or processor-based
system with the control circuit 2012. Again, the control circuit 2012 can be implemented
through one or more processors, controllers, central processing units, logic, software and the like.
Further, in some implementations the control circuit 2012 may provide multiprocessor

functionality.
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[0076] The memory 2014, which can be accessed by the control circuit 2012, typically
includes one or more processor readable and/or computer readable media accessed by at least the
control circuit 2012, and can include volatile and/or nonvolatile media, such as RAM, ROM,
EEPROM, flash memory and/or other memory technology. Further, the memory 2014 is shown
as internal to the control system 2010; however, the memory 2014 can be internal, external or a
combination of internal and external memory. Similarly, some or all of the memory 2014 can be
internal, external or a combination of internal and external memory of the control circuit 2012.
The external memory can be substantially any relevant memory such as, but not limited to, solid-
state storage devices or drives, hard drive, one or more of universal serial bus (USB) stick or
drive, flash memory secure digital (SD) card, other memory cards, and other such memory or
combinations of two or more of such memory, and some or all of the memory may be distributed
at multiple locations over a computer network. The memory 2014 can store code, software,
executables, scripts, data, content, lists, programming, programs, log or history data, user
information, customer information, product information, and the like. While FIG. 20 illustrates
the various components being coupled together via a bus, it is understood that the various
components may actually be coupled to the control circuit and/or one or more other components

directly.

[0077] In some embodiments, the system utilizes a tipping rain bucket based rainfall
accumulation sensor within a size profile considerably smaller than known tipping rain bucket
sensors. The controller interface system applies interrupt or cutoff algorithms to identify when
to interrupt and when to resume irrigation based on the wirelessly received rainfall
measurements from the tipping rain bucket-based sensor and/or the temperature sensor. The
sensor system is configured to allow rain to enter the funnel that directs the captured rain to fill a
first bucket of a tipping bucket resting on a pivot or tipping axis. When the first bucket is filled
to a predefined accumulated quantity, the tipping bucket tips about the tipping axis and the water
spills out of the first bucket, and subsequent rain water is funneled into a second bucket of the
tipping bucket. When the second bucket is filled with the predefined accumulation of water, the
tipping bucket again tips causing the water in the second bucket to spill out. In some
implementations, the tipping bucket is off center from the apertures of the funnel providing a

more efficient use of space and allowing the sensor system to be smaller. Every time the tipping
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bucket tips it is detected by the trigger detector (e.g., magnetic switch), and a pulse is outputted
to the sensor control circuit. In some instances, the sensor control circuit causes a tip signal to be
communicated to the controller interface system in response to each tip of the tipping bucket. In
other instances, the sensor control circuit tracks a number of tips and communicates a signal
corresponding to the sum of the number of tips. The number of tips and/or signals over time
indicate the amount of received rainfall over time. The sensor system communicates the number
of tip pulses received over time and/or outputs a wireless signal for every pulse that is counted as
it occurs. Further, the sensor system is configured to protect the temperature sensor from the

water tipped from the rain bucket.

[0078] In some embodiments, the sensor system 102 is battery powered and includes the
tipping rain bucket components, a thermistor-based temperature sensor, the sensor control
circuit, which may be implemented through one or more microcontrollers, and a wireless
transceiver. The sensor system may be implemented with a jaw or hinged funnel housing that is
pivoted open to allow access to at least some of the internal components including the sensor
system, including the tipping bucket that tips either way about a pivot axis. Water enters the
sensor system though a mesh debris screen or at the top, is directed by the funnel to the aperture
and drips into one of the two buckets of the tipping bucket 314. Again, in some embodiments, a
longitudinal central axis of the tipping bucket is out of alignment with the aperture to improve
the use of space and in part reduce the size of the sensor system. When the tipping bucket tips
too much in one direction, the water spills out of one bucket, and the other bucket beings to fill
until that bucket begins accumulates the predefined threshold amount and the tipping bucket
again tips the other direction. The excess water flows out over a diaphragm 702 that directs the
water out of drain apertures and over louvres 214 and away from the sensor system (e.g., down
to the ground). The diaphragm guides the water away from a temperature sensor 310 positioned
directly underneath the tipping bucket 314. The louvres serve to allow air flow for accurate
temperature readings by the temperature sensor. The pivotable opening of the funnel housing
allows easy access to the internal components to inspect, service and/or easily replace of
components. Additionally, in some implementations, the tipping bucket is offset from the

aperture 306 and funnel 302.



WO 2019/133273 PCT/US2018/065406
29

[0079] Relative to disk based sensor, the sensor system 102 is considerably more
accurate in terms of accumulation measurements and; thus, provides the controller interface
system 104 with a finer resolution and accuracy on the accumulation levels of rainfall. The
controller interface system 104 processes the received signals and determines whether to
interrupt irrigation based on user entered adjustable accumulation thresholds and/or temperature
thresholds, and when to resume irrigation (remove the interruption) based on a resumption delay
threshold. In some embodiments, the controller interface system causes an interruption when the

accumulated amount of water within a given time period exceeds the user defined threshold.

[0080] The controller interface system may remove the interruption to resume irrigation
automatically after expiration of a period of time (e.g., 48 hours) after detecting the stopping of
rain (e.g., detecting no further bucket movement over a threshold period of time). This is in
contrast to waiting a period of time after the start of rainfall since it is unknown how long the
rainfall will last. It is further in contrast to resuming when it is determined that the accumulation
has fallen back to a certain level of accumulation. The controller interface system can determine
to release the interruption automatically at different points depending on the amount of
accumulation and the time duration of the accumulation. In some implementations, the user uses
a user interface of the controller interface system to further define the technique used to
determine the resumption of irrigation and/or adjust a resumption threshold at the controller

interface system.

[0081] Some embodiments provide an irrigation sensor system, comprising: a rain funnel
comprising an upper opening and at least one wall tapering from the upper opening to a lower
aperture; and a tipping bucket positioned to receive water falling from the lower aperture while
the tipping bucket is positioned such that a central longitudinal axis of the tipping bucket is not

aligned with an axis extending through the lower aperture of the funnel.

[0082] Further, some embodiments provide an external irrigation interruption system,
comprising: a rain funnel comprising an upper opening and at least one wall tapering from the
upper opening to a lower aperture; a tipping rain bucket sensor comprising: a tipping bucket
positioned aligned with the lower aperture of the funnel and comprising a first rain bucket, a
second rain bucket positioned adjacent the first rain bucket and an extended wall extending away

from and between the first and second rain buckets to alternately align a first face extending from
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the first rain bucket and a second face extending from the second rain bucket with the lower
aperture; a bucket holder, wherein the tipping bucket is pivotably secured with the bucket holder
enabling the tipping bucket to transition between a first position with the first face of the
extended wall aligned with the aperture to direct water into the first rain bucket and a second
position with the second face of the extended wall aligned with the aperture to direct water into
the second rain bucket; and a trigger secured relative to the extended wall to transition between a
first station when the tipping bucket is in the first position, and a second station when the tipping
bucket is in the second position; a temperature sensor positioned below the rain sensor and
vertically aligned with at least a portion of the tipping bucket; a protection diaphragm positioned
between the rain sensor and the temperature sensor, and comprising water disbursement plate
and a plurality of drain apertures, wherein the water disbursement plate extends over the
temperature sensor and to the plurality of drain apertures causing rain water released by the first
rain bucket and the second rain bucket to drain through the drain apertures away from the
temperature sensor; a trigger detector positioned relative to the trigger and configured to activate
in response to the trigger passing within a threshold distance of the trigger detector and output a
tip signal; a communication transceiver; and a sensor control circuit communicatively coupled
with the trigger detector and the transceiver, wherein the sensor control circuit is configured to
receive the tip signals and cause the transceiver to transmit rain signals corresponding to a

predefined amount of accumulated rain in response to the tipping of the tipping bucket.

[0083] Some embodiments provide irrigation interruption systems, comprising: a sensor
system comprising a sensor control circuit, a tipping rain bucket sensor and a temperature sensor
wherein the rain sensor is configured to communicate rain signals corresponding to an amount of
accumulated rain in response to each tipping of the rain sensor; an override controller interface
system separate from and communicatively coupled with the sensor system, and comprising an
interface control circuit; and an irrigation controller separate from the sensor system and the
controller interface system, and comprising an irrigation control circuit, a set of activator output
couplers configured to couple to remote irrigation valves, and memory coupled to the irrigation
control circuit and configured to store a watering schedule to be executed by the irrigation
control circuit and that defines when to turn on and off the irrigation valves; wherein the

interface control circuit is configured to receive the rain signals and temperature sensor data from
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the sensor system, determine when a summation of accumulated rain over a first threshold period
of time is greater than a user defined first accumulated rain threshold, interrupt activation of the
valves when the summation of accumulated rain is greater than the first accumulated rain
threshold, identify when a user defined first resume irrigation threshold time period has expired
since a last of the rain signals is received, and remove the interruption of the activation of the

valves to allow further activation of the valves by the irrigation controller.

[0084] Some embodiments provide methods of controlling irrigation through an external
interrupt, comprising: receiving a tip signal from a tipping bucket corresponding to a predefined
accumulation of water; communicating one or more rain signals to a separate controller interface
system that is separate from an irrigation controller that is activating irrigation valves; receiving,
and the controller interface system, the communicated rain signal corresponding to an amount of
accumulated rain; determining when a summation of accumulated rain over a first threshold
period of time is greater than a defined first accumulated rain threshold; interrupting the
activation of the valves when the summation of accumulated rain is greater than the first
accumulated rain threshold; identifying when a last rain signal is received relative to a threshold
period of time; determining when a threshold irrigation delay duration has expired since the last
rain signal is received; and removing the interruption of the activation of the valves when the

threshold irrigation delay duration has expired since the last rain signal is received

[0085] Those skilled in the art will recognize that a wide variety of other modifications,
alterations, and combinations can also be made with respect to the above described embodiments
without departing from the scope of the invention, and that such modifications, alterations, and

combinations are to be viewed as being within the ambit of the inventive concept.
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CLAIMS
What is claimed is:
1. An irrigation sensor system, comprising:
a rain funnel comprising an upper opening and at least one wall tapering from the upper
opening to a lower aperture; and
a tipping bucket positioned to receive water falling from the lower aperture while the
tipping bucket is positioned such that a central longitudinal axis of the tipping bucket is not

aligned with an axis extending through the lower aperture of the funnel.

2. The sensor system of claim 1, further comprising:

a trigger secured relative to the extended wall to transition between a first station when
the tipping bucket is in the first position, and a second station when the tipping bucket is in the
second position;

a trigger detector positioned relative to the trigger and configured to activate in response
to the trigger passing within a threshold distance of the trigger detector and output a tip signal,

a communication transceiver; and

a sensor control circuit communicatively coupled with the trigger detector and the
transceiver, wherein the sensor control circuit is configured to receive the tip signals and cause
the transceiver to transmit rain signals corresponding to a predefined amount of accumulated rain

in response to the tipping of the tipping bucket.

3. The sensor system of claim 1, further comprising:

a temperature sensor positioned below the rain sensor and vertically aligned with at least
a portion of the tipping bucket; and

a protection diaphragm positioned between the rain sensor and the temperature sensor,
and comprising water disbursement plate and a plurality of drain apertures, wherein the water
disbursement plate extends over the temperature sensor and to the plurality of drain apertures
causing rain water released by the first rain bucket and the second rain bucket to drain through
the drain apertures away from the temperature sensor;

a communication transceiver; and
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a sensor control circuit communicatively coupled with the temperature sensor and the
transceiver, wherein the sensor control circuit is configured to receive temperature data and

cause the transceiver to transmit the temperature data.

4. An external irrigation interruption system, comprising:

a rain funnel comprising an upper opening and at least one wall tapering from the upper
opening to a lower aperture;

a tipping rain bucket sensor comprising:

a tipping bucket positioned aligned with the lower aperture of the funnel and
comprising a first rain bucket, a second rain bucket positioned adjacent the first rain bucket and
an extended wall extending away from and between the first and second rain buckets to
alternately align a first face extending from the first rain bucket and a second face extending
from the second rain bucket with the lower aperture;

a bucket holder, wherein the tipping bucket is pivotably secured with the bucket
holder enabling the tipping bucket to transition between a first position with the first face of the
extended wall aligned with the aperture to direct water into the first rain bucket and a second
position with the second face of the extended wall aligned with the aperture to direct water into
the second rain bucket; and

a trigger secured relative to the extended wall to transition between a first station
when the tipping bucket is in the first position, and a second station when the tipping bucket is in
the second position;

a temperature sensor positioned below the rain sensor and vertically aligned with at least

a portion of the tipping bucket;
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a protection diaphragm positioned between the rain sensor and the temperature sensor,
and comprising water disbursement plate and a plurality of drain apertures, wherein the water
disbursement plate extends over the temperature sensor and to the plurality of drain apertures
causing rain water released by the first rain bucket and the second rain bucket to drain through
the drain apertures away from the temperature sensor;

a trigger detector positioned relative to the trigger and configured to activate in response
to the trigger passing within a threshold distance of the trigger detector and output a tip signal,

a communication transceiver; and

a sensor control circuit communicatively coupled with the trigger detector and the
transceiver, wherein the sensor control circuit is configured to receive the tip signals and cause
the transceiver to transmit rain signals corresponding to a predefined amount of accumulated rain

in response to the tipping of the tipping bucket.

5. The system of claim 4, wherein the tipping bucket is positioned such that a central
longitudinal axis of the tipping bucket, which is perpendicular to an axis about which the tipping

bucket tips, is not aligned with the lower aperture of the funnel.

6. The system of claim 4, wherein the funnel comprises a drip extension extending from
the lower aperture, wherein an end of the drip extension is positioned at least level with upper

edges of opposing side walls of the tipping bucket extending from the extended wall.

7. The system of claim 4, wherein the funnel comprises a drip extension extending from
the lower aperture, wherein the end of the drip extension is positioned to be within a threshold
vertical separation distance from upper edges of opposing side walls of the tipping bucket,
wherein the threshold vertical separation distance is proportional to a lateral distance (X)
between the end of the drip extension and the upper edge of the opposing side walls and a

threshold tilt angle from vertical.

8. The system of claim 4, further comprising:
a set of multiple louvre plates positioned below the diaphragm and about the temperature

sensor, wherein each louvre plate comprises curved perimeter sides tapering away from the
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diaphragm and outward from the central axis, and each louvre plate is spaced from the other of
the louvre plates establishing air gaps between the louvre plates and exposing the temperature

sensor to ambient air while limiting rain water from contacting the temperature sensor.

9. The system of claim 4, further comprising:

a central housing positioned about the tipping bucket; and

a funnel housing pivotably coupled with the central housing, and comprising the funnel,
wherein the funnel housing rotatably pivots relative to the central housing to pivot the funnel
away from the tipping bucket and provide access to an interior of the sensor system including at

least tipping bucket.

10. The system of claim 4, wherein the bucket holder is secured with the diaphragm such

that the tipping bucket is separated from the diaphragm by a distance.

11. The system of claim 10, wherein the diaphragm comprises tab mountings; and
the bucket holder comprises at least a pair of flexible tabs each comprising a lateral ridge

configured to engage the tab mountings and secure the bucket holder with the diaphragm.

12. The system of claim 11, wherein the diaphragm comprises mounting at least a pair of
protrusions extending from the diaphragm and each protrusion comprising a recess forming the
tab mountings and configured to receive at least a portion of a corresponding and aligned one of

the lateral ridges of a corresponding one of the flexible tabs.

13. The system of claim 4, further comprising:

a central housing positioned about the tipping bucket, and comprising a first partial
control board cavity separated by a first control board cavity wall from the tipping bucket; and

a base housing comprising a second partial control board cavity, wherein the base
housing is configured to cooperated with the central housing cooperating the first partial control

board cavity and the second partial control board cavity forming a control board cavity; and
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a control board comprising the sensor control circuit, the trigger detector and power
source couplers electrically coupled with at least the sensor control circuit and the trigger

detector, wherein the control board is mounted within the control board cavity.

14. The system of claim 13, further comprising:

a removable power source holder comprising a holder base and a power source retaining
slot extending from the holder base and configured to retain at least one removable power
source, and wherein the holder base is configured to close the control board cavity while aligning

the at least one removable power source with the power source couplers.

15. The system of claim 4, wherein the rain sensor further comprises a first wireless
transceiver coupled with the sensor control circuit wherein the sensor control circuit is
configured to cause the first wireless transceiver to wirelessly transmit the rain signals and the
temperature sensor data, and the controller interface system comprises a second wireless
transceiver communicatively coupled with the interface control circuit and configured to

wirelessly receive the rain signals and the temperature sensor data.

16. An irrigation interruption system, comprising:

a sensor system comprising a sensor control circuit, a tipping rain bucket sensor and a
temperature sensor wherein the rain sensor is configured to communicate rain signals
corresponding to an amount of accumulated rain in response to each tipping of the rain sensor;

an override controller interface system separate from and communicatively coupled with
the sensor system, and comprising an interface control circuit; and

an irrigation controller separate from the sensor system and the controller interface
system, and comprising an irrigation control circuit, a set of activator output couplers configured
to couple to remote irrigation valves, and memory coupled to the irrigation control circuit and
configured to store a watering schedule to be executed by the irrigation control circuit and that
defines when to turn on and off the irrigation valves;

wherein the interface control circuit is configured to receive the rain signals and
temperature sensor data from the sensor system, determine when a summation of accumulated

rain over a first threshold period of time is greater than a user defined first accumulated rain
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threshold, interrupt activation of the valves when the summation of accumulated rain is greater
than the first accumulated rain threshold, identify when a user defined first resume irrigation
threshold time period has expired since a last of the rain signals is received, and remove the
interruption of the activation of the valves to allow further activation of the valves by the

irrigation controller.

17. The system of claim 16, wherein the interface control circuit in removing the
interruption is configured to identify that the first resume irrigation threshold period of time is to
be used from a set of multiple resume irrigation threshold periods as a function of a total amount

of accumulation of rain detected and a duration of the accumulation.

18. The system of claim 16, wherein the rain sensor further comprises a first wireless
transceiver coupled with the sensor control circuit wherein the sensor control circuit is
configured to cause the first wireless transceiver to wirelessly transmit the rain signals and the
temperature sensor data, and the controller interface system comprises a second wireless
transceiver communicatively coupled with the interface control circuit and configured to

wirelessly receive the rain signals and the temperature sensor data.

19. The system of claim 16, further comprising:

a diaphragm positioned under the rain sensor between the rain sensor and the temperature
sensor wherein the temperature sensor is positioned below the rain sensor; and

a set of louvres positioned below a level of the rain sensor and about the temperature
sensor, and are configured to taper down at an angle relative to and outward from a central axis
of the sensor system allowing airflow from an exterior of the sensor system to an interior area
about the temperature sensor; and

wherein the diaphragm is configured to shield the temperature sensor and direct water
released in response to a tipping of the rain sensor away from the temperature sensor and out of

the sensor system.

20. The system of claim 16, wherein the sensor system comprises a funnel housing

pivotably coupled with a central housing to enclose the tipping bucket, wherein the funnel
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housing rotatably pivots relative to the central housing to provide access to an interior of the

sensor system including at least the tipping bucket.

21. The system of claim 20, wherein the funnel housing comprises:

a funnel tapering from an upper opening to a lower aperture; and

a drip guide secured with the funnel relative to the aperture;

wherein the drip guide is positioned, when the funnel housing is pivoted to a closed
position relative to the central housing, to direct rain water collected and guided by the funnel
into one of the two buckets of the tipping bucket sensor depending on a tipped orientation of the

tipping bucket sensor.

22. A method of controlling irrigation through an external interrupt, comprising:

receiving a tip signal from a tipping bucket corresponding to a predefined accumulation
of water;

communicating one or more rain signals to a separate controller interface system that is
separate from an irrigation controller that is activating irrigation valves;

receiving, and the controller interface system, the communicated rain signal
corresponding to an amount of accumulated rain;

determining when a summation of accumulated rain over a first threshold period of time
is greater than a defined first accumulated rain threshold,;

interrupting the activation of the valves when the summation of accumulated rain is
greater than the first accumulated rain threshold,;

identifying when a last rain signal is received relative to a threshold period of time;

determining when a threshold irrigation delay duration has expired since the last rain
signal 1s received; and

removing the interruption of the activation of the valves when the threshold irrigation

delay duration has expired since the last rain signal is received.

23. The method of claim 22, further comprising:
receiving temperature data from a the temperature sensor vertically aligned with the

tipping bucket;
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communicating temperature data to the controller interfaces system;

determining when the current ambient temperature is less than a defined temperature
threshold;

interrupting the activation of the valves when the current ambient temperature is less than
the temperature threshold; and

removing interruption of the activation of the valves when both the current temperature
has exceeded the temperature threshold and when the threshold irrigation delay duration has

expired since the last rain signal is received.
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[online]<URL: https://www.davisinstruments.com/product_documents/weather/manuals/07395-
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1 KR 10/1467705 B1 (KOREA RURAL DEVELOPMENT ADMINISTRATION RDA), 01 December
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A 20-22, 28, 34, 34-43, and 52; col 3, In 21 and 60-64 1-15

I:] Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family
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Box No. II 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. I:I 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. D Claims Nos.:

because they are dependent claims and are not drafted 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:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I: claims 1-15: drawn to an irrigation sensor system.
Group II: claims 16-23: drawn to an irrigation interruption system and method.

The inventions listed as Groups | and |l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

-- see extra sheet

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

2. D 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. m 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.:
1-15

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

I:I 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.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continuation of Box No. Ill -- Observations where unity of invention is lacking

Special technical features:
Group | requires a rain funnel, not found in the other groups.

Group !l requires an irrigation valve, not found in the other groups.

Shared Features:
The only technical features shared by Groups | and Il that would otherwise unify the groups are an irrigation interruption system,
comprising: a tipping rain bucket sensor, a temperature sensor, and an accumulation rain threshold.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
disclosed by US 2016/0192602 A9 to Hunter Industries, Inc (hereinafter 'Hunter') 07 July 2016 (07.07.2016).

Hunter discloses an irrigation interruption system, comprising: a tipping rain bucket sensor, a temperature sensor, and an accumulation
rain threshold (para [0069] -Optional features may also be incorporated into embodiments of the present invention. For example, the
operator may specify a minimum irrigation temperature?.For example, the operator may cause the embodiment to suppress the irrigation
schedule if precipitation occurred within the previous twenty-four hours, or only if precipitation is occurring at the particular moment of
irrigation. Additionally, direct input into the controller, plug-in or add-on microprocessor may allow for adjustment of the irrigation delay
period depending upon the amount of rainfall or the intensity of rainfall. A hygroscopic rain switch or a "tipping bucket" type of rain
sensor may be provided by wired or wireless means in addition to one or more environmental sensors. The rain delay irrigation
shutdown may be adjustable within the controller, add-on or plug-in depending upon the duration of the rainfall, amount of precipitation,
or intensity of the precipitation.).

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Groups | and 1l therefore lack unity under PCT Rule 13.

Form PCT/ISA/210 (extra sheet) (January 2015)
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