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SENSORDEVICE FOR INTERRUPTING 
IRRIGATION 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/113.900, filed May 23, 2011, entitled SEN 
SORDEVICE FORINTERRUPTINGIRRIGATION, which 
is a continuation of U.S. application Ser. No. 1 1/766,092, 
filed Jun. 20, 2007, entitled SENSORDEVICE FOR INTER 
RUPTING IRRIGATION, which claims the benefit of U.S. 
Provisional Application No. 60/866,595, filed Nov. 20, 2006, 
entitled WIRELESS SENSORFORINTERRUPTINGIRRI 
GATION and U.S. Provisional Application No. 60/805,331, 
filed Jun. 20, 2006, entitled RAIN SENSORDEVICE AND 
METHOD FOR INTERRUPTING WATERING OF AN 
IRRIGATION CONTROLLER, all of which are incorporated 
in their entirety herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to the con 

trolling of the execution of a watering program by an irriga 
tion controller. 
0004 2. Discussion of the Related Art 
0005 Rain sensors for use in the interruption of pro 
grammed watering schedules of an irrigation controller are 
generally known to include a material that is responsive to 
rain, and in the event a preset level of rain is exceeded, a 
Switch is activated which outputs a signal to the irrigation 
controller that causes the controller to cease the execution of 
watering schedules. 
0006 U.S. Pat. No. 6,452,499 to Runge et al. (which is 
incorporated herein by reference) describes a wireless rain 
sensor that uses a hygroscopic material that expands when 
exposed to water. When the hygroscopic material expands 
beyond a specified point or threshold, an integrated transmit 
ter wirelessly transmits a radio frequency signal to a receiver 
attached to the controller. The receiver receives the wireless 
signal and causes the controller to cease watering. Similarly, 
U.S. Pat. No. 6,977.351 to Woytowitz (which is incorporated 
herein by reference) describes a wireless rain sensor includ 
ing a hygroscopic material that is not mechanically connected 
to the Switch that triggers the transmission of the wireless 
signal that will cause the interruption of watering The thresh 
old level may be adjusted by a user through the mechanical 
adjustment of the distance the hygroscopic material must 
expand before actuating the switch, such as described in U.S. 
Pat. No. 6,570,109 to Klinefelter et al (which is incorporated 
herein by reference). Thus, in order to exceed a selectable 
threshold, the hygroscopic material must expand a selectable 
distance, which corresponds to a selectable level of rain fall. 

SUMMARY OF THE INVENTION 

0007. Several embodiments of the invention provide 
methods and apparatus for permitting or interrupting irriga 
tion using sensor equipment. 
0008. In one embodiment, the invention can be character 
ized as a method for controlling irrigation comprising the 
steps of generating an indication representing the amount of 
rain fall at a sensor unit; transmitting a signal comprising at 
least the indication from the sensor unit to an interface unit, 
wherein the interface unit is adapted to cause an interruption 
of programmed watering schedules of an irrigation control 
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ler, receiving the signal at the interface unit; determining, 
based at least on the indication from the signal, whether 
irrigation should be interrupted; and generating an interrupt 
command to interrupt irrigation. 
0009. In another embodiment, the invention can be char 
acterized as a device for controlling irrigation comprising an 
interface unit. The interface unit comprises an input unit 
adapted to receive a signal from a sensor unit, the signal 
comprising an indication representing an amount of rain fall 
at the sensor unit. The interface unit also comprises a control 
ler coupled to the input unit adapted to process the signal to 
determine based at least on the indication from the signal, 
whether irrigation executed by an irrigation controller should 
be interrupted and to generate an interrupt command to cause 
the interruption of the irrigation. 
0010. In a further embodiment, the invention may be char 
acterized as a rain sensor comprising: a moisture absorptive 
material adapted to move in response to rain fall; a plunger 
adapted to move in response to and proportional to the move 
ment of the moisture absorptive material; and a sensor ele 
ment. The sensor element comprises a first element and a 
second element coupled to the plunger and adapted to move 
with the plunger relative to the first element causing a change 
in a variable corresponding to the amount of rain. The rain 
sensor also comprises a controller adapted to measure the 
variable and further adapted to generate a signal comprising 
an indication of the amount of rainfall based on the variable. 

0011. In yet another embodiment, the invention may be 
characterized as a method for wireless installation of an irri 
gation control device comprising the steps of locating a first 
wireless unit at a first location; establishing a wireless path of 
communication between the first wireless unit and a second 
wireless unit remote from the first location; moving the sec 
ond wireless unit to a plurality of possible installation loca 
tions, wherein the signal strength changes as the second wire 
less unit is moved; automatically determining the signal 
strength as the second wireless unit is moved; automatically 
displaying the signal strength at the second wireless unit as 
the second wireless unit is moved; and determining which of 
the plurality of possible installation locations to fix the second 
wireless unit based on the displayed signal strength. 
0012. In a further embodiment, the invention may be char 
acterized as a device for controlling irrigation comprising a 
sensor unit adapted to sense an amount of rainfall; a two-way 
communication link coupling the sensor unit to an interface 
unit; and the interface unit adapted to receive information 
corresponding to the amount of rain fall via the two-way 
communication link from the sensor unit. The interface unit is 
further adapted to cause an interruption of irrigation executed 
by an irrigation controller based at least in part on the infor 
mation from the sensor unit. 

0013. In another embodiment, the invention may be char 
acterized as a method for controlling irrigation comprising 
the steps: sensing an amount of rain fall at a sensor unit; 
communicating information corresponding to the amount of 
rain fall from the sensor unit via a two-way communication 
link to an interface unit; and causing, at the interface unit, an 
interruption of irrigation executed by an irrigation controller 
based at least in part on the information from the sensor unit, 
the interface unit being adapted to communicate with the 
sensor unit via the two-way communication link. 
0014. In yet another embodiment, the invention may be 
characterized as a method for controlling irrigation compris 
ing the steps of generating an indication representing the 
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amount of rain fall at a sensor unit; transmitting a signal 
comprising at least the indication from the sensor unit to an 
interface unit, wherein the interface unit is adapted to cause an 
interruption of programmed watering schedules of an irriga 
tion controller and wherein the interface unit is separate from 
the irrigation controller; receiving the signal at the interface 
unit, receiving user input relating to the interruption of the 
programmed watering schedules of the irrigation controller 
via a user interface integrated with the interface unit, wherein 
the user input defines a rain interruption threshold; determin 
ing, at the interface unit, based at least on the indication from 
the signal and the user input, whether irrigation should be 
interrupted; and generating an interrupt command to interrupt 
irrigation in the event it is determined that the irrigation 
should be interrupted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The above and other aspects, features and advan 
tages of several embodiments of the present invention will be 
more apparent from the following more particular description 
thereof, presented in conjunction with the following draw 
ings. 
0016 FIG. 1 is a diagram of a rain sensor device for 
interrupting execution of one or more watering schedules of 
an irrigation controller according to several embodiments. 
0017 FIG. 2 is a variation of the rain sensor device of FIG. 
1 according to several embodiments. 
0018 FIG.3 is a functional diagram of the components of 
Some embodiments of a rain sensor unit of the rain sensor 
device of FIGS. 1 and/or 2. 
0019 FIG. 4 is a functional diagram of the components of 
Some embodiments of an interface unit of the rain sensor 
device of FIGS. 1 and/or 2. 
0020 FIG.5 depicts a simplified flow diagram of a process 
for use in adjusting the mode of operation of the sensor unit of 
FIG. 3. 
0021 FIG. 6 depicts a simplified flow diagram of a process 
for use in detecting and inhibiting an irrigation cycle in accor 
dance with one embodiment. 

0022 FIG. 7A is one embodiment of the interface unit of 
the rain sensor device of FIG. 4 illustrating user inputs and 
display outputs. 
0023 FIG. 7B is another embodiment of the interface unit 
of the rain sensor device of FIG. 4 illustrating user inputs and 
display outputs. 
0024 FIG.8 is another embodiment of the interface unit of 
the rain sensor device of FIG. 4 illustrating user inputs and 
display outputs. 
0025 FIG.9 depicts a simplified flow diagram of a process 
for use in initializing the rain sensor device illustrated in 
FIGS. 1 and 2. 

0026 FIG. 10 illustrates a simplified flow diagram of a 
process for use in the event that loss of communication occurs 
between the sensor unit and interface unit of rain sensor 
device or system illustrated in FIGS. 1 and 2. 
0027 FIGS. 11-19, 27A-B and 28 illustrate various 
embodiments of the components of a rain sensor unit for use 
with a receiver unit for interrupting execution of one or more 
watering schedules of an irrigation controller according to 
several embodiments. 

0028 FIGS. 20 and 21 graphically illustrate signal 
strength profiles used to approximate the propagation envi 
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ronment over communication distances less than the break 
point distance at 915 MHz and 868 MHz, respectively accord 
ing to one embodiment. 
0029 FIG. 22 illustrates an example implementation of a 
“TEST operational mode utilized during the installation of 
the sensor unit in accordance with one embodiment. 
0030 FIG. 23 illustrates a simplified flow diagram of an 
example implementation of a sleep or normal operational 
mode at the sensor unit of FIGS. 1 and 2, according to some 
embodiments. 
0031 FIG. 24 illustrates a simplified flow diagram of a 
process for use in detecting and inhibiting an irrigation cycle 
in accordance with one embodiment. 
0032 FIG. 25 illustrates a simplified diagram of one 
implementation of the low temperature operational mode 
according to some embodiments. 
0033 FIG. 26 illustrates one implementation of a “TEST 
operational mode in accordance with some embodiments. 
0034 FIG. 29A is another embodiment of the interface 
unit of the rain sensor device of FIG. 4 illustrating user inputs 
and display outputs. 
0035 FIG. 29B is another embodiment of the interface 
unit of the rain sensor device of FIG. 4 illustrating user inputs 
and display outputs. 
0036 FIG. 30 graphically illustrates example rain profiles 
and the points at which irrigation is interrupted or reactivated 
based on a rate of change of a sensed amount of rain fall, 
according to some embodiments. 
0037 FIG. 31 illustrates a simplified flow diagram of one 
embodiment of the overall operation of the rain sensor system 
10. 
0038 FIG. 32 illustrates a simplified flow diagram of one 
embodiment of a process for installing and pairing the inter 
face unit and the sensor unit of FIGS. 1 and 2 together. 
0039 FIG. 33 illustrates an exemplary embodiment of a 
modular irrigation controller having an interface unit module. 
0040 FIG. 34 illustrates a rain sensor system in which an 
interface unit is paired and communicates with n sensor units 
12a-n according to some embodiments. 
0041 FIG. 35 illustrates a rain sensor system in which a 
sensor unit is paired with and communicates with n interface 
units 14a-n according to some embodiments. 
0042 Corresponding reference characters indicate corre 
sponding components throughout the several views of the 
drawings. Skilled artisans will appreciate that elements in the 
figures are illustrated for simplicity and clarity and have not 
necessarily been drawn to Scale. For example, the dimensions 
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. 

DETAILED DESCRIPTION 

0043. The following description is not to be taken in a 
limiting sense, but is made merely for the purpose of describ 
ing the general principles of exemplary embodiments. The 
scope of the invention should be determined with reference to 
the claims. 
0044) Referring first to FIG.1, a diagram is shown of a rain 
sensor System 10 for interrupting execution of one or more 
watering schedules of an irrigation controller 30 according to 
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several embodiments. The rain sensor system 10 includes a 
sensor unit 12 having a first input/output unit 16 and an 
interface unit or system 14 having a second input/output unit 
18. The first input/output unit 16 and the second input/output 
unit 18 are coupled to each other by a communication link 15. 
The interface unit 14 is coupled to an irrigation controller 30 
(either directly to the controller via an interface 38, e.g., a rain 
sensor input, or indirectly, e.g., coupled to the controller 
output lines 32 or a common line 34, as illustrated in dashed 
lines). Alternatively, in Some embodiments, the interface unit 
may be implemented as a part of the irrigation controller. For 
example, in one embodiment, the interface unit may be imple 
mented as a module that may be inserted into a modular 
irrigation controller. The irrigation controller 30 is pro 
grammed to execute one or more watering schedules. In one 
form, the irrigation controller 30 may output activation sig 
nals (e.g., 24 volt power signals) to respective ones of a 
plurality of activation lines 32, each coupled to a valve located 
in the region to be irrigated, an electrical Switch to activate or 
deactivate lighting or other devices controlled by the control 
ler 30. As is well known, one or more sprinkler devices, drip 
lines and/or other irrigation devices may be coupled to each 
valve. 

0045. The sensor unit 12 is typically located remotely 
from the interface unit 14 in a position where it is exposed to 
rainfall. For example, the sensor unit 12 may be mounted to a 
rooftop, light pole, or telephone pole. In some embodiments 
the sensor unit 12 periodically obtains measurements of 
parameters such as amount of rain fall, and/or precipitation, 
temperature, and/or other parameters, and transmits the infor 
mation to the interface unit 14. The interface unit 14 receives 
the data from the sensor unit and processes it to determine 
whether to inhibitor interruptirrigation. Additionally or alter 
natively, in Some embodiments, the sensor unit may initiate 
transmission to the interface unit 14 once it detects a change 
in some atmospheric parameters, e.g., amount of rain fall 
and/or temperature, and sends an update message to the inter 
face unit. In one embodiment, the message may include the 
amount of rain fall, temperature, battery strength, signal 
strength and/or other data available at the sensor unit. 
0046. In some embodiments, once the interface unit 14 
detects the beginning of an irrigation cycle, it is instructed 
and/or is activated to communicate with the sensor unit 12 to 
request information regarding measurement parameters, such 
as but not limited to precipitation data, temperature and/or 
other Such parameters. In one embodiment, the sensor unit 12 
receives the request, obtains the requested measurement data 
and transmits the information to the interface unit 14. In some 
implementations, the interface unit 14 receives instructions 
from the irrigation controller 30 requesting the interface unit 
14 to transmit a request to the sensor unit 12 requesting the 
measurement data. 

0047. In some embodiments, the interface unit 14 is 
located remotely from the sensor unit 12 and proximate to the 
irrigation controller 30 in a location that is, in some imple 
mentations, accessible to the user. The interface unit is also 
coupled to the irrigation controller 30 (either directly or indi 
rectly). In some embodiments the interface unit may be 
implemented as a part of the irrigation controller and located 
on the irrigation controller. In one embodiment, for example, 
the interface unit may be implemented as a module that may 
be inserted into a modular irrigation controller. 
0048. In some embodiments, each interface unit 14 is spe 
cifically paired to a sensor unit so that each rain sensor System 
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10 includes a paired sensor unit 12 and interface unit 14. 
Alternatively, in some embodiments each interface unit 14 is 
paired to more than one sensor unit 12. In these embodiments, 
each sensor unit 12 is paired with the interface unit indepen 
dently. FIG.34 illustrates a rain sensor system 10 in which the 
interface unit 14 is capable of pairing and communicating 
with n sensor units 12a-n via communication links 15a-15n. 
Additionally, in one or more embodiments, each sensor unit 
12 is paired with more than one interface unit 14, wherein, the 
sensor unit is paired with each of individual interface unit 14 
of the plurality of interface units. FIG. 35 illustrates a system 
10 in which the sensor unit 12 is capable of pairing with and 
communicating with ninterface units 14a-in via communica 
tion links 15a-15m. The pairing may be implemented at the 
time of purchase, at the time of installation, during battery 
replacement, or at other such times before the system begins 
functioning. 
0049. The interface unit and sensor unit may be paired 
together using several different methods. For example, in one 
embodiment, the sensor unit 12 and the interface unit 14 may 
be paired using a wired serial interface, e.g., the I2C (Inter 
Integrated Circuit bus) interface and protocol. The pairing 
may be implemented using an additional 3 pin header con 
nector (not shown) on both the sensor unit 12, and the inter 
face unit 14, and a short 3-wire cable (not shown) with match 
ing receptacle connectors on both ends, and a firmware 
procedure for executing the pairing upon connecting both 
units together. This method of pairing the two units dimin 
ishes problems created by side radio transmissions when 
implementing the pairing. Alternatively, the interface unit and 
the sensor unit may be paired by invoking a special mode of 
operation of the interface unit 14, in which the ID information 
regarding the sensor unit's radio signal may be memorized 
and used for matching with the same sensor unit 12 in the 
future. 

0050. In another embodiment, pairing is implemented by 
temporarily positioning the sensor unit 12 and the interface 
unit 14 close together and putting the sensor unit 12 in a high 
(preferably highest) power-transmission mode with packets 
following each other without any gap between them and 
having a special pairing-mode identification bit, while the 
interface unit 14 is held in a low (preferably lowest) sensitiv 
ity mode. The close proximity between the sensor unit 12 and 
the interface unit 14, combined with high-power transmis 
sions from sensor unit and low-sensitivity of the interface unit 
help to eliminate any interfering emissions. The chance of 
catching a side emission may be further diminished by using 
a specific identifier for pairing mode, which helps eliminate 
any regular transmission from other sensor units. 
0051 FIG. 32 illustrates one possible implementation of a 
process 3200 of installing and pairing the interface unit 14 
and the sensor unit 12 together. At step 3210 the interface unit 
initiates a set up request and transmits the request. The sensor 
unit 12 receives the request, in step 3212, and continues to 
step 3214 where it determines whether or not certain criteria 
are met. For example, the request message may comprise 
information about the interface unit 14. In one embodiment, 
the sensor unit 12 may use this information in step 3214 to 
determine whether it is able to pair up with the interface unit 
14. For example, in Some embodiments, the user may exert a 
manual force on a part of the sensor wherein the force fully 
depresses the plunger, the sensor unit will query the rain 
sensor 318 and will use the measurement to determine 
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whether the plunger in the rain sensor 318 is fully depressed 
to determine whether there is user authorization to pair up 
with an interface unit. 

0052 Once the sensor unit determines that it is ready to 
pair up with the interface unit, it will generate and send or 
transmit an acknowledgment message to the interface unit in 
step 3216. The message may comprise identification infor 
mation about the sensor unit, and/or other data stored in 
memory of the sensor unit and/or available from the sensors 
and or other devices coupled to the sensor unit 12. Addition 
ally, in step 3216, the sensor unit may store information about 
the interface unit 14, for example, information received in the 
request message into its memory. In step 3218, the interface 
unit then receives the acknowledge message, and pairs up 
with the sensor unit. For example, the interface unit may store 
information about the sensor unit, received in the acknowl 
edge message and/or otheravailable sources, into its memory. 
Additionally or alternatively, when performing step 3214, the 
sensor unit may also determine whether it is ready for set up 
by ensuring that a user input, e.g. authorization, has been 
entered. 

0053 Referring generally back to FIG.1, the interface unit 
14 receives measurement data from the sensor unit 12 and 
processes this data to determine if irrigation (such as pro 
grammed into an irrigation controller 30) should be permitted 
or interrupted. For example, in one embodiment, the interface 
unit 14 determines whether a predetermined relationship 
exists between the received measurements detected and a 
stored preset level or threshold and/or other criteria. For 
example, the interface unit may determine if the signal indica 
tive of an amount of rain has exceeded a threshold level of 
rainfall, and/or whether a relationship exists between the 
signal and some criteria. For example, in one embodiment, 
the interface unit may use the information transmitted from 
the sensor unit 12 to determine a rate of change, for example, 
for the rainfall accumulation, and determine whether the rate 
of change satisfies a predetermined relationship. 
0054 Additionally or alternatively, the interface unit may 
look at the relationship between the received measurements 
when processing the data to determine whether irrigation 
should be inhibited or interrupted. For example in one 
embodiment the interface unit receives the measurements and 
analyzes the relationship between one or more of the amount 
of rainfall, the rate of rain fall and the temperature. Alterna 
tively in Some instances, the information may be processed by 
the sensor unit 12, where the determination regarding the 
relationship may be made by the sensor unit, and the deter 
mination may then be transmitted to the interface unit 14 by 
the sensor unit 12, e.g., in response to the request from the 
interface unit 14. If the predetermined relationship exists 
(e.g., the threshold level of rainfall has been exceeded by the 
amount of sensed or measured rainfall), the electronics of the 
interface unit 14 and/or the controller 30 generate the appro 
priate signaling to cause the interruption of the execution of 
watering schedules by the irrigation controller 30. 
0055. This approach to overriding or interrupting watering 
based on measured data, such as sensed rain fall amounts is 
fundamentally different than the approach of known rain 
sensor devices that interrupt controller operation when a 
threshold level of rain has been exceeded. That is, traditional 
rain sensors, such as described in U.S. Pat. No. 6,452,499 to 
Rungeet al., and U.S. Pat. No. 6,977.351 to Woytowitz (both 
of which are incorporated herein by reference), employ a 
remote rain sensor that sends a signal to its receiver to indicate 
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that the rain threshold has been exceeded, where the rain 
sensor initiates the communication and sends a signal to its 
receiver as soon as a rain threshold has been exceeded. In 
contrast, according to several embodiments, the sensor unit 
12 sends measurement information to the interface unit 14, 
and the processing of the data and determination of whether 
or not to interrupt and/or adjust irrigation occurs at the inter 
face unit 14. Additionally, according to some embodiments, 
the interface unit 14 initiates the communication between the 
sensor unit 12 and the interface unit 14 periodically or when 
it detects that an irrigation cycle is to be initiated. The sensor 
unit 12 sends a signal to the interface unit 14 after receiving a 
request or query from the interface unit 14. 
0056. It is also known that the threshold level of existing 
rain sensors may be adjusted by making a mechanical adjust 
ment to the sensor unit, such as described in U.S. Pat. No. 
6,570,109 to Klinefelter (which is incorporated herein by 
reference). However, since the sensor unit is located on a roof 
top or other similar location Such that it may be exposed to the 
environment and be relatively tamperproof, it is very difficult 
to easily adjust the threshold level of rainfall that will trigger 
the interruption of irrigation. Several present embodiments 
address this concern by providing a manual adjustment of the 
threshold level at the interface unit 14, since in some embodi 
ments the interface unit 14 is the portion of the rain sensor 
system 10 that determines if the threshold has been exceeded. 
In other embodiments, the adjustment may be made at the 
interface unit 14 and/or controller 30 and transmitted to the 
sensor unit 12. The interface unit 14 is typically in a location 
that is far more easily accessible to the user; thus, the user may 
more easily adjust the rain threshold in use, e.g., to account 
for seasonal changes. 
0057 Additionally, known rain sensors only interruptirri 
gation when the rain fall exceeds a fixed threshold. In con 
trast, according to several present embodiments, the sensor 
unit 12 sends measurement data to the interface unit 14 and 
the interface unit 14 analyzes the atmospheric measurement 
data to permit or interrupt irrigation based on one or more 
different considerations such as the amount of rain fall, the 
current or sensed temperature, the rate of change in the rain 
fall amount or temperature or the combination of several 
criteria. 

0058. In many embodiments, the sensor unit 12 sends 
data, and receives requests or queries for sensed data from the 
interface unit 14 through a communication link 15. The com 
munication links 15 described herein may be any wireline or 
wireless communication link. Generically, the interface unit 
14 includes an input/output unit 18, which will correspond to 
the specific communication link 15. For example, in a wire 
line communication link 15, the input/output unit 18 will be a 
wireline signal transmitter, a wireline signal receiver and a 
wireline connector. However, in a two-way wireless commu 
nication link 40 (see FIG. 2), the output takes the form of a 
wireless transceiver 44. Such as a radio, optical, infrared, 
and/or ultrasonic transceiver. Furthermore, the input/output 
unit 16 of the sensor unit corresponds to the communication 
link 15. For example, in a wireline communication link 15, 
the input/output unit 16 will be a wireline signal transmitter, 
a wireline signal receiver and a wireline connector. However, 
in a wireless communication link 40 (see FIG. 2), the input/ 
output unit 16 takes the form of a wireless transceiver 42, such 
as a radio, optical, infrared, and/or ultrasonic transceiver. 
Advantageously, the wireless communication link 40 of FIG. 
2 allows for easier installation since a wireline connection is 
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not required between the sensor unit 12 and the interface unit 
14. It is understood that in some embodiments, both the 
interface unit 14 and the sensor unit 12 each have a transmitter 
and a separate receiver, instead of a transceiver, and in some 
instances includes input/output interfaces for both wired and 
wireless communication. 

0059. The interface unit 14 may be coupled to the irriga 
tion controller 30 in different ways depending on the control 
ler 30 and user preference. In some embodiments, the output 
lines 36 may be connected from an input/output unit 20 of the 
interface unit 14 direct to an interface 38 (e.g., a rain sensor 
input) of the controller 30. In the event the interface unit 14 
determines or receives an indication that a relationship exists 
between a threshold or other criteria and the measurement 
data and/or in the event that a threshold has been exceeded, a 
switch is closed within the output 20 completing a circuit 
causing a current to flow through the output lines 36 to the 
interface 38. The controller 30 is configured to sense this 
current, and in response, the controller 30 temporarily halts 
the execution of one or more watering schedules and/or deter 
mines other appropriate actions. The current flowing through 
the output lines 36 is switched off after a period of time, in 
response to instructions or reset from the controller and/or in 
response to a data transmission, or a reply from the sensor unit 
12 to a Subsequent data request (e.g., when the precipitation 
data has returned to below the threshold level and/or the 
relationship between the threshold level and other criteria and 
the measured data no longer exists). In this case, the controller 
30 senses the absence of the current at the interface 38 and 
resumes normal execution of watering schedules. In another 
embodiment, the signal from the input/output 20 is a data 
signal that includes a message instructing the controller 30 to 
temporarily halt execution of one or more watering schedules 
until a Subsequent resume data signal is sent. 
0060. In a further embodiment, rather than coupling to an 
interface 38 of the controller, the interface unit 14 couples in 
series with the common line 34 of the activation lines 32. For 
example, the common line 34 electrically passes through the 
output 20 (e.g., a Switching device) of the interface unit 14. 
When the interface unit 14 determines or receives an indica 
tion that a rain threshold has been exceeded and/or that other 
criteria have been met, the interface unit opens the Switching 
device, breaking the common line 34. This effectively dis 
ables all electrical signals via the activation lines 32 to the 
valves, until the switch is closed. In this way, the controller 30 
is not aware that the watering has been interrupted or over 
ridden. It is noted that in some embodiments, the interface 
unit 14 may be integrated into the functionality of the con 
troller 30. 

0061 Alternatively, in some embodiments, the interface 
unit 14 may forward the measurement data or the determina 
tion that some criteria has been met, e.g., a threshold has been 
exceeded or other relationship exists between the measure 
ment data and some criteria, to the irrigation controller 30, 
where the processor or the irrigation controller will interrupt 
rain fall based on the received information. 

0062. In some embodiments the interface unit 14 may be 
implemented as a part of the irrigation controller 30 and/or 
located on or integral to the irrigation controller. In one 
embodiment, for example, the interface unit is implemented 
as a module that may be inserted into a modular irrigation 
controller. FIG.33 illustrates an exemplary embodiment of a 
modular irrigation controller 3300 having an interface unit 
module 3312. The modular controller 3300 comprises a dis 
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play 3302, a rotary dial 3304, one or more user inputs 3306, a 
base module 3307, one or more expansion modules 3308, a 
sensor connection 3310, and an interface unit module 3312, 
all generally contained within a housing 3314. Generally, 
modular irrigation controllers are known in the art to be 
controllers that accept expansion modules to provide addi 
tional station or Zone outputs. Further details of various 
modular controllers are described in U.S. patent application 
Ser. No. 1 1/022,179 and published as U.S. Patent Application 
Publication No. 2005/0273205, the entirety of which is incor 
porated herein by reference. In one embodiment, a base mod 
ule 3307 is provided that includes output connectors for the 
master valve (MV), common line (COM), and a number of 
station outputs (3 are illustrated in the base module 3307). 
Each expansion module 3308 includes an additional number 
of output connectors to allow connection of activation lines to 
actuate additional stations (in this case, three additional sta 
tion outputs are provided with each module 3308). 
0063. In one embodiment, the interface unit module 3312 
is coupled a module mounting location instead of an expan 
sion module. The interface unit module 3312 includes an 
antenna 3316 (one embodiment of an input/output unit 18) to 
communicate with one or more sensor units 12. In one 
embodiment, the interface unit module 3312 includes two 
connectors that allow wires 3318 and 3320 to connect to the 
terminals or connections of the sensor connection 3310, 
where the sensor connection 3310 provides a way to connect 
to the common line 34 without having to cut the common line. 
It is noted that in this case, the wires 3318 and 3320 would 
replace a wire connecting the two terminals of the sensor 
connection 3310 together. In several embodiments, the inter 
face module unit 3312 is now coupled in series with the 
common line 34. When the interface unit module 3312 deter 
mines that irrigation should be interrupted or when it receives 
an indication that a rain threshold has been exceeded and/or 
that other criteria have been met, the interface unit module 
3312 opens an internal the switch, breaking the common line 
34. This effectively disables all electrical signals via the acti 
vation lines 32 to the valves, until the switch is re-closed. 
0064. Alternatively, in another embodiment, the sensor 
connection 3310 is configured for connection to the micro 
controller of the modular controller 3300. For example, when 
the interface unit module 3312 determines that irrigation 
should be interrupted, the interface unit module 3312 causes 
a current to flow to the sensor connection. The microcontrol 
ler detects that presence of current flow at the sensor connec 
tion, which indicates to the microcontroller that irrigation 
should be interrupted and the microcontroller causes the 
interruption. In several embodiments, the interface unit mod 
ule 3312 gets operational power from the backplane connec 
tion of the module to the controller 3300. The above embodi 
ments, allow the interface unit module 3312 to operate when 
connected to a module mounting location of the modular 
controller 3300 without sending control signals directly from 
the module 3312 to the microcontroller, since many modular 
controllers will not have Sufficient programming to process 
Such direct control signals. However, in other embodiments, 
the interface unit module 3312 directly outputs irrigation 
interrupt signals to the microcontroller via the backplane 
connections between the module mounting location and the 
microcontroller. 

0065. In one embodiment the interface unit module 3312 
is inserted within the modular controller 3300, draws power 
therefrom and is coupled to an interface unit 14 mounted 
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externally. In this embodiment, according to one implemen 
tation, the interruption is controlled by the external interface 
unit 14. In one embodiment, the interface unit 14 sends the 
determination to interruptirrigation to the interface unit mod 
ule 3312 and the interface unit module 3312 interrupts irri 
gation according to one or embodiments described above 
(e.g., breaks the common, or outputs a signal to the micro 
controller which interrupts irrigation). In another implemen 
tation, the interface unit module 3312 includes a display and 
buttons, etc., to create a user interface to allow a user to 
program the interface unit module 3312 while it is inserted 
into the modular controller 3300. In another embodiment, the 
interface unit module 3312 outputs signals to the microcon 
troller of the modular controller 3300 and uses the user inter 
face of the modular controller to allow the user to configure 
the interface unit module 3312. 

0066 Referring again back to FIGS. 1 and 2 and in a 
further embodiment, the interface unit 14 will continue to 
indicate to the controller 30 that it should remain off even 
after the precipitation data has returned below the threshold 
and/or other conditions no longer exist. For example, for a 
period of time after the precipitation data returns below the 
threshold level, the interface unit 14 continues to allow cur 
rent to flow to the interface 38, continues to send the appro 
priate control message signaling to the interface 38, delays 
sending a control message instructing the controller to 
resume watering, or continues to break the common line 34. 
This delay in re-enabling the controller is settable by the user 
on the interface unit 14 and allows the system to postpone 
irrigation for several days after a heavy rain has occurred. In 
other embodiments, the delay can be automatically con 
trolled, for example, using equations involving one or more of 
temperature, dry out rate, etc. This embodiment allows for 
increased water conservation. 

0067. In some embodiments, as illustrated in FIGS. 1 and 
2, the interface unit 12 and the sensor unit 14 are coupled via 
a two-way communication link 15. The communication link 
15 may be a wired communication, as illustrated in FIG. 1, or 
a wireless communication as illustrated in FIG. 2. The two 
way communication link 15 enables the sensor unit 12 and the 
interface unit 14 to send and receive signals, including one or 
more of data, status information and control signals to and 
from one another. For example, in one embodiment, the inter 
face unit 14 sends control signals to the sensor unit 12 and, 
depending on the control signal, the sensor unit 12 takes the 
appropriate action/s. For example, in one embodiment, the 
interface unit 14 may send a request to the sensor unit 12 for 
data. The sensor unit 12 may, in response to the request, 
generate the data and send it via the two-way communication 
link 15 to the interface unit 14. Further, in some embodi 
ments, the interface unit sends control signals to the sensor 
unit 12 over the two-way communication link 15, wherein the 
sensor unit receives the signal and makes an adjustment or 
change based on the control signal received. In one embodi 
ment, the control signal from the interface unit 14 causes the 
sensor unit 12 to change a mode of operation (e.g., Such as 
entering a low power or hibernation mode). Additionally or 
alternatively, the sensor unit 12 sends signals, e.g., including 
data, information and/or control signals, to the interface unit 
14, and the interface unit is adapted to receive the information 
and take actions and/or make determinations based on the 
information. For example, the sensor unit 12 may transmit 
information corresponding to an amount of rain and/or tem 
perature sensed at the sensor unit 12. This information may be 
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a measurement of rain fall or an indication that a threshold 
amount of received rain fall has been exceeded. In several 
embodiments, the interface unit 14 receives a measurement of 
rain fall and/or temperature and makes a determination of 
whether or not to interrupt irrigation based at least in part on 
the received measurements. The interface unit 14 is adapted 
to cause an interruption of irrigation if it is determined that 
irrigation should be interrupted. Further, the sensor unit 12 
and interface unit 14 may both comprise transceivers 16 and 
18 (wired or wireless) wherein the transceivers are capable of 
sending and receiving signals to one another over the two 
way communication link 15. Alternatively, in one embodi 
ment, the sensor unit 12 and the interface unit 14 each have 
separate transmitter and a separate receiver. 
0068. It is noted that in many embodiments, the interface 
unit 14 is configured to break the common line 34 of an 
irrigation controller. In alternative embodiments, the inter 
face unit 14 is coupled to and can break one or more indi 
vidual activation lines 32. That is, the interface unit 14 may be 
coupled in series with one or more of the activation lines 32. 
When the interface unit 14 determines or receives an indica 
tion that a rain threshold has been exceeded and/or otherwise 
determines that irrigation should be interrupted, the interface 
unit 14 opens the Switching device, breaking one or more of 
the activation lines. In this embodiment, the interface unit 14 
may be adapted to interrupt irrigation for a specific set of 
activation lines while allowing irrigation for valves coupled 
to other activation lines. The breaking of the one or more 
activation lines 32 disables the electrical signals from those 
one or more activation lines 32 to the valves, until the switch 
is closed. 

0069. Referring next to FIG. 3, a diagram is shown of the 
functional components of some embodiments of a sensor unit 
12 of the rain sensor system 10 of FIGS. 1 and 2. The sensor 
unit 12 includes a controller 312, a memory 314, and a trans 
ceiver 316. The sensor unit further includes and/or cooperates 
with a rain sensor 318. The controller may be implemented 
through a single-processor or multiprocessor systems, mini 
computers, microprocessor, processor, programmable elec 
tronics and the like, and/or combinations thereof. 
0070 The memory may be a separate memory unit within 
the sensor unit 12, external memory connected to the sensor 
unit via an interface (not shown), may be internal memory 
within the controller 312 as illustrated in FIG.3, and/or other 
such configurations. The controller 312 and the memory 314 
together function as a microcontroller. In some embodiments, 
memory 314 comprises one or more of a random access 
memory (RAM), read only memory (ROM), Flash memory, 
an EEPROM memory, on-chip RAM, optical disk storage, 
and/or any other medium which may be used to store the 
desired information and which may be accessed by the con 
troller. In some embodiments, the microcontroller employs 
flash memory for storage of executable firmware, and is 
capable of being programmed “in-system'. This may be 
accomplished in Some instances by employing an in-system 
programming port in the unit 12 and/or on a printed circuit 
board, for example of the controller, for accomplishing the 
programming process during a final assembly. In some 
embodiments, the microcontroller further includes an 
EEPROM for non-volatile storage of miscellaneous data to 
support at least some of the functionality of the controller. 
Additionally or alternatively, on-chip RAM may be present in 
Sufficient quantity to provide functional capabilities in many 
embodiments. 
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0071. The sensor unit 12, in some instances, further 
includes a power source 324. Such as a battery, Solarcell, wind 
powered generated and/or other such power source, to power 
the components of the sensor unit 12. For example, the sensor 
unit 12 operates from a high capacity lithium-ion battery. As 
illustrated in FIG. 3, in some embodiments, the controller 
includes an on-chip analog-to-digital converter (ADC) 326. 
The ADC may, for example, have an 8-bit resolution or 
greater, and contain four or more input channels. In other 
embodiments, the ADC may be a separate unit within the 
sensor unit 12, or separate components within the sensor unit 
may comprise a separate ADC. 
0072. The transceiver 316 provides wired and/or wireless 
communication. Wireless radio frequency chips known in the 
art such as Texas Instruments CC1100, Melexis TH71211, 
Micrel MICRF112, or MICRF211, Semtech CE 1201-A, 
Atmel ATA5428, Analog Devices ADF7020 or ADF7021, 
and/or Maxim MAX7033 or MAX7044 may be used for the 
transceiver 316. The wireless transceiver includes or couples 
to an antenna. In some implementations, the transceiver com 
prises a single-chip transceiver that provides an analog or 
digital Received Signal Strength Indicator (RSSI) output sig 
nal. If the RSSI output is an analog signal, it may be Supplied 
initially to one channel of the ADC 326. 
0073. In some embodiments the sensor unit 12 may 
include and/or may couple with several additional sensors, 
such as a temperature sensor 322, a battery voltage sensor 320 
as shown in FIG. 3, and/or other such sensors. The battery 
Voltage sensor 320 is connected to the power source 324. The 
temperature sensor 322 may be any temperature-sensitive 
device Such as a thermistor, temperature-dependent current 
device, and the like. In some embodiments, the temperature 
sensor is capable of detecting an ambient temperature of 
between about, 150 to 0°F., for example detecting an ambient 
temperature of about 35-39°F., e.g., 37°F., with a tolerance of 
5% or better. 

0074 The rain sensor 318 reacts to the presence of water 
and generally reacts proportionally to the amount of water 
(rain fall) received, for example in one embodiment, the rain 
sensor generates an electrical signal that is indicative of a 
level of precipitation or rain. This electrical signal represents 
precipitation data. In some embodiments, the output signal is 
an output voltage signal of the rain sensor 318 that is provided 
to one channel of the controller's ADC 326. In some embodi 
ments, the level indicated by the electrical signal is transmit 
ted to the interface unit 14 via transceiver 316 periodically 
and/or when the sensor unit determines that a change has 
occurred in the amount of rain fall, and/or stored in memory 
for future access. For example, in this or other embodiments, 
the level indicated by the electrical signal is stored in the 
memory 314 and upon receiving a request from the interface 
unit 14 the controller 312 retrieves the data from the memory 
314 and forwards the data to the transceiver 316 to be trans 
mitted to the interface unit 14. Additionally or alternatively, 
the rain sensor may detect that a threshold level of rain or 
precipitation has been received and in response generate a 
signal that indicates that the threshold level of rain has been 
exceeded. 

0075. In other embodiments, the rain sensor may output 
signals from the temperature sensor 322 and/or the battery 
voltage sensor 320 that may, for example, additionally or 
alternatively be provided to two other channels of the ADC 
326, and the indicated levels stored in memory 314, to be 
Supplied to the interface unit 14 periodically, upon detecting 
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a change, and/or upon receiving a request from the interface 
unit. In some embodiments, the signal or measured levels 
may not be stored, and instead the controller 312 may retrieve 
the information from one or more of the sensors at the time of 
transmission and/or when a request is received from the inter 
face unit 14. For example, in one embodiment the sensor unit 
12 requests measurements from the sensors at fixed intervals, 
e.g., every 5 minutes, and may additionally process the data to 
determine whether a change has occurred since the last 
received measurement. The controller 312 may generate a 
data signal based on the electrical signals received from the 
sensors, and may transmit the data signal to the interface unit 
14 via the communication link 15. 

0076. In some embodiments, the measured data transmit 
ted to the interface unit 14 is simply a measurement and does 
not include an indication that a threshold has been exceeded. 
Instead, the determination whether irrigation should be per 
mitted or interrupted (e.g., whether a relationship exists 
between certain criteria and the data, such as whena threshold 
has been exceeded) is made at the interface unit 14 and/or 
irrigation controller 30 based on the received measurements 
from the sensor unit 12. Alternatively, in other embodiments, 
the controller unit 312 may be configured to determine if a 
predefined relationship exists between the measurement and 
a level or threshold, and transmit that determination to the 
interface unit 14 upon receiving a request from the interface 
unit 14. The sensor unit 12, in Some implementations, does 
not transmit measurement data regarding the information 
obtained through the sensors to the interface unit 14 unless 
and until it receives a request from the interface unit 14 for 
Such data. Alternatively, the sensor unit 12 may transmit the 
measurement data to the interface unit 14 at intervals, e.g., 6 
hour intervals, or when it determines a change in the mea 
Surement data in addition to providing the data to the interface 
unit 14 upon receiving a request for the data. Further, the 
information may simply include an indication that a threshold 
has been exceeded. In other implementations, the information 
provided may include a level or measure of rain. 
0077. In some embodiments, the rain sensor 318 com 
prises a sensor and controller circuitry where upon sensing a 
level of precipitation the sensor will cause an electrical volt 
age to be generated by the control circuitry. The sensor and 
circuitry may take different forms in different embodiments. 
By way of example, in some embodiments, the rain sensor 
318 includes a moisture absorptive material that expands and 
contracts based on the presence of and absence of rain fall, 
Such as a hygroscopic material. The level or amount of expan 
sion or contraction is sensed or measured and provided as an 
electrical signal. The level and/or measurement data is then 
transmitted by the transceiver 316 to the interface unit 14, 
wherein in some implementations, the interface unit deter 
mines if a rain threshold has been exceeded and/or if other 
relationship exists between the measurement data and certain 
criteria. In some embodiments, the electrical signal corre 
sponding to the level of rain fall is converted to a measure of 
the amount of rainfall prior to being sent to the interface unit 
14, and/or an indication of a relationship of the measurement 
relative to a threshold may be forwarded to the interface unit 
14. Alternatively, the expansion of the absorptive material 
may cause activation of a Switch when a preset level of rain is 
reached. Upon activation of the switch the control circuitry 
may send a signal to the controller and then store the indica 
tion in memory. In this embodiment, when a request from the 
interface unit is received for rain levels an indication that the 
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preset level was reached is transmitted by the transceiver 316 
to the interface unit 14. In some embodiments, the rain sensor 
will not generate any signals until information is requested 
from the rain sensor, at which time the sensor transmits a 
signal indicating the measurement of rain fall or the signal 
indicating that the Switch is activated. Alternatively, the sen 
Sor unit 12 may initiate transmission to the interface unit 14 
based on the measurement data. For example, in one embodi 
ment, the sensor unit 12 will process the signal indicating the 
measurement of rain fall or signal indicating that the Switch 
has been activated to determine ifa change in the atmospheric 
conditions has occurred. In this embodiment, if the sensor 
unit 12 determines that a change has occurred it will forward 
the signal to the interface unit 14. Additionally or alterna 
tively, in one embodiment, the sensor unit will initiate trans 
mission to the interface unit 14 forwarding the signal at fixed 
intervals, e.g., every 6 hours. In some embodiments, the inter 
face unit 14 may send a request to the sensor unit 12 request 
ing that the sensor unit obtains current and/or updated data 
from the sensors prior to the initiation of an irrigation cycle 
and/or at other times, for example, when the user requests the 
data through the user input, and or by other means. In some 
embodiments, for example, when the interface unit deter 
mines that an irrigation cycle is about to begin the interface 
unit may send a message to the sensor unit 12 requesting 
current data to determine whether to inhibit irrigation. In one 
exemplary embodiment, the interface unit may send a mes 
sage to the sensor unit 12 requesting data when the operator of 
the interface unit has requested the data. For example, in one 
exemplary embodiment, the operator may periodically 
request data, for example, through the user input 424 (see 
FIG. 4), to ensure that the sensor unit 12 and the system 10 as 
a whole are working properly. The receipt of a signal from the 
sensor unit 12 with data indicates that the sensor unit is 
properly working. Additionally, in some embodiments, the 
sensor unit 12 also sends its battery strength. This allows the 
operator send a test request message to the sensor unit 12 to 
determine if it is working. Additionally, in Some embodi 
ments, the sensor unit 12 sends data indicating the battery 
strength or battery life (and thus, approximately when the 
battery of the sensor unit will need to be charged or replaced). 
0078. Alternatively, in embodiments where the sensor unit 
12 initiates transmission to the interface unit 14, the rain 
sensor may generate a signal comprising the measurements 
and/or other data and transmit the signal to the interface unit 
14 upon making some determination, e.g., that a change in 
one or more parameters has occurred and/or other criteria has 
been satisfied, and/or at fixed intervals. 
007.9 The shape and configuration of the hygroscopic 
material may be varied depending on the implementation. In 
Some embodiments, the hygroscopic material is in the form of 
one or multiple disks. In another embodiment, the hygro 
scopic material is a granular and expandable material within 
a flexible envelope or casing. For example, the granular mate 
rial may include polyacrylamide or similar materials. 
0080. In several embodiments, the sensor unit 12 operates 
in one of several modes. The mode of operation may depend 
on one or more factors, such as battery charge level or 
expected battery life, weather and/or atmospheric conditions, 
anticipated requests for data and/or other Such factors. The 
modes may be adjusted internally by the controller 312 and/or 
externally by the user via the user input 424 and/or by other 
means. In one implementation, the sensor unit 12 is in a sleep 
or quasi-powered down mode, which in some implementa 
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tions, is a “normal mode', which is in Some embodiments the 
mode that the sensor unit 12 is most often operating in. The 
sensor unit 12 reduces and/or attempts minimize power con 
sumption while in the sleep mode to better conserve power 
and/or maximize battery life. In some embodiments, while in 
the normal or sleep mode the sensor unit 12 does not initiate 
a transmission to the interface unit 14, and in some instance, 
will never initiate a transmission to the interface unit 14. In 
other embodiments, during normal or sleep mode the sensor 
unit will initiate transmissions to the interface unit 14, for 
example at fixed intervals and/or when some criteria are met, 
e.g., when there is a change in one of rain fall, temperature, 
and/or other parameters. 
I0081. In some embodiments, while in the sleep mode, the 
transceiver 316 may be similarly put into a sleep mode, where 
many of the components of the transceiver are powered down, 
while the transceiver is still capable of detecting the presence 
of an incoming message without needing to apply full power 
to all circuitry. In several implementations, during the sleep 
mode the sensor unit 12 is capable of receiving requests 
initiated by the interface unit 14. The sensor unit may further 
receive requests for other information and/or operating 
parameters, such as requests for the measurements received 
by the sensors employed with the sensor unit, the signal 
strength, the transmittal power, identification information of 
the sensor unit, and/or a variety of other information. In one 
embodiment, after receiving requests from the interface unit 
14 and/or other devices, the controller 312 will determine 
what information is requested, and will retrieve the informa 
tion and/or initiate a measurement of the requested informa 
tion by the sensors. In some embodiments, the measurement 
(s) by sensors occurs periodically, and the measurement data 
is forwarded to transceiver 316 and transmitted to the inter 
face unit via communication link 15. Alternatively, in some 
embodiments, the data obtained is stored onto the memory 
314. 

I0082 FIG. 23 illustrates an example implementation of a 
process 2300 of operating in sleep or normal mode at the 
sensor unit 12, according to some embodiments. Normally, in 
the step 2302, the sensor unit is in sleep mode. Accordingly, 
the sensor unit operates in a low battery usage State with only 
minimal portions of the controller 414 running Periodically, 
the sensor unit wakes up in step 2304. For example, the 
controller and other electronics of the sensor unit enter a 
normal power usage mode. In step 2310, once awake, the 
sensor unit 12 queries the sensorts and other devices and 
generates measurements. In some implementations, these 
intervals are predefined. Alternatively, in other embodiments, 
the sensor unit may adjust the rate at which it will wake up and 
query the sensors based on the amount of rain fall, the tem 
perature, the rate of change of rain fall and/or temperature, 
and/or other Such criteria. In some embodiments, the sensor 
unit 12 then stores the measurements in the memory 314 for 
later processing. Alternatively, the sensor unit processes the 
data as soon as it is received from the sensors and other 
peripheral devices. Next, in step 2312, the sensor unit 12 
processes the measurement data received from the sensors. 
The sensor unit 12 may process the signals to generate mea 
Surements to be sent to the interface units, and/or process the 
data to determine whether the data satisfy certain relation 
ships and/or criteria. For example, in one embodiment, the 
sensor unit 12 analyzes the data received from the rain sensor 
318 and temperature sensor 322 to determine a rate of rain 



US 2011/0238227 A1 

fall, a rate oftemperature and/or whether there is a change in 
the amount of rain fall and/or temperature. 
0083. In step 2314 the sensor unit 12 determines if a 
request for data has been received from the interface unit 14. 
When the sensor unit determines that a request has been 
received, in some embodiments, the process continues to step 
2320 where the sensor unit 12 transmits a signal to the inter 
face unit. For example, the controller 312 of the sensor unit 
constructs a message comprising data Such as the obtained 
measurement data, e.g., rain fall and precipitation data, tem 
perature, battery strength, signal strength of the received 
request, and/or other data into one or more data packets to be 
forwarded to the transceiver 316 to be transmitted to the 
interface unit 14. The sensor unit then returns to the low 
power or sleep mode of step 2302. 
0084. Alternatively, if no request has been received from 
the interface unit 14, the process moves to step 2316 where 
the sensor unit determines if there has been a change in the 
sensor data, for example, if there has been a change in sensed 
atmospheric conditions and/or other criteria have been met. 
For example, in one embodiment the sensor unit may process 
the data to determine whether there is a change in the amount 
of rain fall or temperature determined in step 2312. In one 
embodiment, the sensor unit may retrieve the results of the 
determination from the memory 314 to determine whether a 
change has occurred. Alternatively, the sensor unit may 
retrieve the data from the memory 314 for current and previ 
ous data and/or query the sensors for the data before making 
the determination in step 2316. If the sensor unit 12 deter 
mines that a change has occurred in one or more of the sensor 
data, then the process will continue to step 2320 where the 
sensor unit will send or transmit a signal to the interface unit 
comprising, for example, the measurements retrieved from 
the sensors, signal strength, and/or other data available at the 
sensor unit 12. The sensor unit then returns to the low power 
or sleep mode of step 2302. If, however, in step 2316 the 
sensor determines that no change has occurred in the atmo 
spheric parameters, the process moves to step 2318 where the 
sensor unit determines if it is time for a periodic update to be 
sent to the interface unit. In one embodiment, the sensor unit 
12 sends updates to the interface unit 14 at fixed intervals, 
e.g., every 6 hours. The updates may be sent to ensure the 
interface unit that the sensor unit is working and that the 
connection between the sensor unit and the interface unit 14 
has not failed. If in step 2318 the sensor unit 12 determines 
that it is time for a periodic update, then it moves to step 2320 
and sends a signal to the interface unit 14, and then returns to 
the sleep mode in step 2302. Alternatively, if it is not time for 
an update, then the sensor unit returns to step 2302 when it 
enters sleep mode before then proceeding back to step 2304. 
0085. In some embodiments, the content of the message or 
packet may vary based on different criteria or situation. For 
example, in one embodiment, the contents of the packet may 
depend upon the type of request received from the interface 
unit. For example, a SENSOR STATUS REQUEST mes 
sage may be received at the sensor unit from the interface unit 
14. Upon receipt of this message, the sensor unit 12 initiates 
a measurement of the precipitation level, ambient tempera 
ture, full-load battery voltage and/or other parameter depend 
ing on the received request according to some embodiments. 
The sensor unit may query the sensors to obtain such mea 
Surements, and/or retrieve the measurements from the 
memory 314. After these one or more measurements have 
been obtained, the sensor unit 12 constructs a message packet 
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containing the results of the measurements along with the 
RSSI value that was observed during the receipt of the mes 
sage. The entire message packet is then transmitted to the 
interface unit 14 in the form of a SENSOR STATUS mes 
sage. In some embodiments, in addition to information 
requests, while in the sleep mode, the sensor unit 12 may also 
receive “set commands from the interface unit 14. These 
commands provide a value for one or more variables stored in 
memory within the sensor unit 12, Such as transmittal power, 
threshold values, etc. Upon receiving Such messages, the 
sensor unit 12 will store the value and transmit an acknowl 
edge message to the interface unit 14. 
I0086. In some embodiments, the sensor unit periodically 
monitors its stored power level and/or battery life while in the 
sleep mode. A process 510 by which the sensor unit monitors 
the battery life, according to Some embodiments, is illustrated 
in FIG. 5. In step 512 the sensor unit 12 transitions out of the 
sleep or low-power mode. In step 514 the sensor unit activates 
one or more sensors and/or other peripheral systems in or 
cooperated with the sensor unit 12. In some instances, the 
transmitter and/or transceiver is not powered up or only the 
transceiver or portions of the transceiver are active. 
I0087. The power or battery voltage level of the power 
source 324 is measured in step 516. In step 518, it is deter 
mined whether to enter a low-battery mode. This determina 
tion may be made by comparing a measured full battery 
voltage level measured while the sensors and other peripheral 
devices have been activated with a non-volatile constant value 
stored in memory 314 to determine if the power source 324 is 
nearing the end of its useful life or is below a threshold. In 
Some embodiments, in order to accurately make this determi 
nation, the controller 312 may make a measurement of the 
ambient temperature, via the temperature sensor, to calibrate 
the measured battery Voltage. If the battery is approaching the 
end of its life (e.g., the full-load battery voltage is below the 
minimum allowable voltage) the process 510 continues to 
step 522 where the controller 312 switches the sensor unit 12 
into a low battery mode and attempts to reduce power con 
Sumption by eliminating or reducing the functions performed 
and/or the frequency of performing non-essential functions. 
I0088. Once the sensor unit 12 enters a low battery mode, 
step 524 is entered where the sensor notifies the interface unit 
14 that it has detected a low battery condition. In some 
instances, the sensor unit 12 initiates the transmission of a 
warning message to the interface unit 14 at or below the 
transmission power last assigned by the interface. In step 526, 
it is determined whether an acknowledgement has been 
received from the interface unit 14. If the acknowledgment is 
not received (typically within a predefined period of time), the 
process continues to step 528 where the transmission power is 
increased and the process returns to step 524 to again transmit 
the warning message at the increased power level. The power 
is increased with each Subsequent attempt until an acknowl 
edgment is received, a predefined number of attempts are 
made and/or a predefined transmission power level is 
reached. In some embodiments, the loop through steps 524, 
526 and 528 may be repeated after a period of time when an 
acknowledgement is not received. 
I0089. In some embodiments when an acknowledgment is 
received from the interface unit 14, the sensor unit 12 contin 
ues to step 530 where it adjusts the number of periodic 
updates it sends to the interface unit. For example, in one 
embodiment, where the sensor unit may send 4 periodic 
updates each day to the interface unit during normal mode, 
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once it enters Low Battery mode the sensor unit may only 
send 1 periodic update per day to the interface unit. In some 
embodiments, the sensor unit 12 may also reduce the fre 
quency at which it wakes up to query the sensors and/or other 
peripheral devices for information such as amount of rain, 
temperature, battery strength and/or other Such data once it 
enters the Low Battery Mode of operation. Alternatively, in 
Some embodiments, after receiving the acknowledge mes 
sage, the sensor unit 12 will not initiate further transmissions 
other than in response to requests received from the interface 
unit. The interface unit 14, upon receiving the warning mes 
Sage, may notify a user, Such as displaying a message on a 
user display of the interface unit 14 alerting the user of the 
operational mode of the sensor unit 12. Returning to step 518. 
if it is determined that the end of battery life is not approach 
ing the system continues to step 520 where the sensor unit 
continues to operate and/or returns to operating in normal or 
sleep mode. 
0090. In some embodiments, the sensor unit 12, will per 
form the battery monitoring process 510 once per day to 
obtain a current battery Voltage level and stores the measure 
ment in memory 314, and/or forwards the measurement to the 
interface unit 14. Alternatively, in Some implementations, it 
may not be necessary to perform battery monitoring process 
510 often since the low battery usage of the sensor unit 12 
allows the battery or power source to function for long periods 
of time, and usage of power sources Such as Solar or wind 
power energy allows longer battery life so that the monitoring 
of the battery life does not have to be performed frequently. 
0091. Further, in some embodiments, the sensor unit may 
operate in a “Low Temperature' or “hibernate” mode. The 
sensor unit 12, according to Some possible implementations, 
may enter low temperature mode when it determines that the 
temperature is below a certain threshold. FIG. 25 illustrates 
one possible implementation of the low temperature opera 
tional mode, according to several embodiments. In step 2510. 
while in normal mode, the sensor unit will periodically, e.g. 
every 5 minutes, query the temperature and/or other sensors 
to determine the current temperature and other current values. 
Next, in step 2512 the sensor unit 12 will process the mea 
Surements and uses the measurement to determine if a certain 
relationship exists between the measurements, e.g., tempera 
ture, and a freeze threshold level in step 2514. For example, a 
freeze threshold level may be set at 36 degrees Fahrenheit. If 
in step 2514, the relationship does not exist, the sensor unit 
will remain in normal mode (step 2516) and cycle back to step 
2510. If in step 2514, the sensor unit determines that the 
relationship exists, the process will move to step 2518 where 
it will generate and send a low temperature message or warn 
ing to the interface unit 14. Next, in step 2520 the sensor unit 
receives an acknowledgment message from the interface unit. 
In one embodiment, when the sensor unit 12 sends the low 
temperature message or warning and does not receive an 
acknowledgment it may retransmit the message for a certain 
period of time, e.g., five minutes, and or a certain number or 
retransmissions until acknowledgment is received. In some 
embodiments, the sensor unit 12 will increase its transmit 
power with each retransmission up to its maximum allowed 
transmit power. In one embodiment, if the acknowledgment is 
not received after the certain period of time and/or the certain 
number of retransmissions the sensor will monitor the ambi 
ent radio noise to determine if a certain level of noise exists. 
If the sensor unit 12 determines that noise exists, the sensor 
unit will wait a certain amount of time and check back to see 
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if the noise goes away. When the sensor sees an opportunity to 
send in a noise free time period, it will retransmit the tem 
perature message. In one embodiment, when the sensor unit 
determines that a noise free time does not exist, and or is not 
capable of retransmitting after a certain period of time, the 
sensor unit 12 will assume that the interface unit 14 is broken, 
has lost power or is powered down. Accordingly, the sensor 
unit 12 will stop trying to communicate and listens periodi 
cally to see when the interface unit is ready for communica 
tions and can receive transmissions. In some embodiments, 
when the interface unit does not hear a response from the 
sensor unit, the interface unit will cease transmissions so as 
not to clutter the air waves and listens constantly for commu 
nications from the sensor unit 12. 

0092. After the sensor unit 12 receives the acknowledge 
ment message, it enters the low temperature mode in step 
2522. In one embodiment, the sensor may decrease the rate at 
which it sends updates to the interface unit 14. Additionally or 
alternatively, the sensor unit may also decrease the frequency 
at which it wakes up to query the sensors and/or other local or 
peripheral devices for data. While in the low temperature 
mode, in step 2524 the sensor unit will query the temperature 
and/or other data. Next, in step 2524 the sensor unit uses the 
sensed temperature data to determine if the condition still 
exists at fixed intervals, e.g. once per day. For example, the 
sensor unit 12 may measure the temperature and determine 
whether the temperature exceeds a certain threshold. When, 
in step 2526 the sensor unit determines that condition still 
exists, e.g., that the temperature is still below a certain thresh 
old level, in step 2528 the sensor unit generates an update 
message comprising the measurement of temperature and 
possibly other data and transmits the message to the interface 
unit 14. Further, in step 2528 the sensor unit may make certain 
determinations to adjust its mode of operation, while remain 
ing in low temperature mode. For example, in several 
embodiments, the sensor unit will measure the battery 
strength to determine if it needs to enter into the low battery 
mode. Next, the sensor unit returns to step 2524 where it will 
periodically, e.g. once per day, and processes the measure 
ments, in step 2526 to determine if the atmospheric condi 
tions have returned to a normal condition, e.g. temperature is 
above the threshold. When in step 2526 the sensor unit deter 
mines that the conditions have returned to normal, e.g. the 
relationship between the temperature and/or other data and 
the threshold no longer exists, in step 2530 the sensor unit will 
query sensor and other local sensor and devices for data Such 
as rain amount, temperature, battery strength, signal strength 
and/or other data and transmits an update message to the 
interface unit 14 in step 2532 comprising some or all of the 
data. Next, in step 2534 the sensor unit enters Normal mode 
and the process will begin again at step 2510. 
0093. The sensor unit 12 may also operate in a “test mode' 
in some embodiments. In many embodiments the test mode is 
utilized, in part, during the installation of the sensor unit 12 to 
provide the installer with a relatively quick and simple-to 
understand process for testing that the sensor unit 12 is 
installed at a location with, for example, adequate radio 
reception from the interface unit 14. The installation process 
is described in further detail below. 

0094) Referring next to FIG. 4, a diagram is shown of the 
functional components of some embodiments of the interface 
unit 14 of the rain sensor device of FIGS. 1 and 2. The 
interface unit 14 comprises a transceiver 412, a controller 
414, a relay device 416, a memory 418, a user display 426, 
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and a user input 424. In some embodiments, the interface unit 
14 may also include a current sensor 420, and a Voltage sensor 
422. The components of the interface unit 14 are coupled to 
one another by a bus or other means. The transceiver 412 may 
be any hard wire, wireless, optical and/or other device 
capable of transmitting and receiving signals to and from the 
interface unit 12 via the communication link 15 or 40. 
Examples of wireless radio frequency chips known in the art 
include Texas Instruments CC1100, Melexis TH71211, 
Micrel MICRF112, or MICRF211, Semtech CE 1201-A, 
Atmel ATA5428, Analog Devices ADF7020 or ADF7021, 
and/or Maxim MAX7033 or MAX7044 may be used for the 
transceiver 316. The wireless transceiver includes or couples 
to an antenna. The controller 414 may be implemented 
through a single-processor or multiprocessor systems, mini 
computers, microprocessor, processor, programmable elec 
tronics and the like, and/or combinations thereof. The con 
troller 414 and the memory 418, in some implementations, 
together function as a microcontroller. The memory 418 may 
be a separate memory unit within the interface unit 14, exter 
nal memory connected to the interface unit via an interface 
(not shown), may be internal memory within the controller 
414, and/or other Such configurations. Further, the memory 
may comprise one or more of flash memory, EEPROM 
memory, RAM, ROM, on-chip RAM, and/or other such 
memory or combinations of memory. 
0095. In some embodiments, the controller 414 employs 
flash memory for storage of executable firmware, and is 
capable of being programmed “in-system”. This may be 
accomplished in Some instances by employing an in-system 
programming port in the interface unit 14, on a printed circuit 
board of the controller 414 and/or other configurations to 
accomplish the programming process during, for example, a 
final assembly. In some embodiments, the controller 414 
further includes an EEPROM or other non-volatile memory 
for storage of data, executables and/or other Software to Sup 
port of the functional capabilities of the controller 414. Addi 
tionally or alternatively, on-chip RAM may be included on 
the controller 414 in Sufficient quantity for functional capa 
bilities in many embodiments. Generally, the controller 414 
executes instructions stored in the memory 418 to implement 
the functionality of the interface unit 14. 
0096 FIG. 24 illustrates a process 2400, according to 
Some embodiments, by which, at least in Some part, the inter 
face unit 14 provides some control over irrigation. When the 
sensor unit 12 transmits a signal to the interface unit 14, the 
signal is received at the interface unit in step 2412. In some 
embodiments, the sensor unit 12 will transmit the signal at 
fixed intervals, e.g., every 6 hours, and/or when it senses a 
change, for example, a change in the amount of rain fall or 
temperature. Additionally, the sensor unit 12 will send signals 
to the interface unit 14 when the interface unit sends a request 
to the sensor unit requesting information as shown in optional 
step 2410. Alternatively, the signal may be received in 
response to a request for data sent from the interface unit in 
step 2410. 
0097. After receiving the signal, in step 2416, the interface 
unit processes the signal to retrieve data Such as temperature, 
amount of rainfall, and/or other data, Such as battery strength. 
After processing the data, step 2422 is entered where the 
interface unit determines if irrigation is currently interrupted, 
e.g., if a relay or Switch is currently open. When irrigation is 
not interrupted, in step 2418, the controller of the interface 
unit 14 will determine whether to interrupt irrigation. For 

Sep. 29, 2011 

example, in one embodiment, in step 2418, the interface unit 
compares the measurements received from the sensor unit to 
certain threshold levels and/or other criteria to determine 
whether a relationship exists between the measurements, e.g., 
amount of rainfall and/or temperature, rate of change thereof 
and the thresholds. Further, in one or more embodiments, the 
interface unit 14 may use the data to determine a relationship 
between current data and previous data received from the 
sensor unit. For example, in one embodiment the interface 
unit may determine a rate of change in the atmospheric data, 
e.g., rainfall, temperature, and/or other data. In some embodi 
ments the decision to interrupt the irrigation is based on 
whether the measurement data exceeds certain preset thresh 
olds. Additionally and/or alternatively the determination may 
be based on other criteria. For example, in one embodiment 
the sensor unit uses the data to determine a rate of change, and 
bases the determination at least in part on the calculated rate 
of change. 
(0098 FIG. 30 illustrates one example of how the decision 
to interrupt irrigation may be based at least in part on the rate 
of change in the amount of rainfall. An example graph of rain 
fall amount in inches versus time in hours is illustrated with 
two different rain fall profiles A and B. In both profiles, the 
rainfall cutoff (or interrupt) threshold 3002 is set at /2 inch. In 
profile A, the rate of increase of rainfall is high (indicated by 
a steep slope on the increasing side of profile), and therefore, 
in some embodiments, the interface unit 14 will interrupt 
irrigation before the threshold level is reached, for example at 
point 3004. Alternatively, in profile B, rate of increase of rain 
fall is less (indicated by the gradual slope of the increasing 
side of the profile), and in that situation, the interface unit 14 
may inhibitirrigation after the rainfall amount reaches and/or 
exceeds the threshold 3002, for example at point 3006. Thus, 
when determining whether to interrupt irrigation, several 
embodiments, use at least the rainfall measurement and a rate 
of rain fall. 

(0099 Referring back to FIG. 24, when in step 24.18 the 
interface unit determines that irrigation should be interrupted 
it will generate an interrupt signal in step 2420. For example, 
in one embodiment, the interrupt signal is a signal to open a 
relay or switch that to break the common line of the irrigation 
controller. Alternatively, if in step 2418 the interface unit 
determines that irrigation should not be interrupted (irrigation 
should be permitted) it may continue to step 2430 where it 
may determine whether irrigation should be adjusted. Criteria 
similar to the determination of whether irrigation should be 
interrupted may be used to make the determination in step 
2430. If the interface unit determines that irrigation should be 
adjusted, it may generate a signal, in step 2432, that cause an 
adjustment to the irrigation schedule or amount of irrigation. 
Alternatively, if the interface unit determines that an adjust 
ment is not necessary it returns to step 2412 or optional step 
2410 and repeats the process once a request is initiated and/or 
a transmission from the sensor unit is received. Alternatively, 
in some embodiments, once in step 2418 the interface unit 
determines that irrigation should not be inhibited it returns to 
step 2412 or optional step 2410 and repeats the process once 
a request is initiated and/or a transmission from the sensor 
unit is received. 

0100 Returning to step 2422, when the interface unit 
determines that irrigation is currently interrupted, in step 
2424 the interface unit 14 determines whether irrigation 
should be reactivated. For example, the interface unit uses the 
data from step 2416 and determines whether certain relation 
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ship exists between the data and certain levels and or thresh 
olds. For example, the interface unit determines whether a 
relationship exists between a rain fall threshold and the 
amount of rain fall indicated by the data received from the 
sensor unit 12. 

0101 Additionally or alternatively, the interface unit may 
look at the rate of change in one or more atmospheric param 
eters to determine whether to reactivate irrigation. For 
example, in FIG. 30 the rate of rain fall in profile A indicates 
a gradual decrease in the amount of rainfall at the sensor unit 
12 (i.e., it represents a gradual decrease or drying out of the 
sensor material, possibly indicating further rain or slowing 
rain). As such, the interface unit may reactivate or permit 
irrigation after the amount of rain fall is below the threshold 
level, for example, at point 3008. Alternatively, in profile B 
the rate of rain fall decrease is greater (as indicated by the 
decreasing slope of profile B). Therefore, the interface unit 
may reactivate or permit irrigation before the rainfall amount 
has fallen below the threshold 3002, for example at point 
3010. A rapidly decreasing slope could indicate that the rain 
fall quickly stopped and perhaps that the air is dry Such that 
irrigation should be permitted Sooner. 
0102 Returning to FIG. 24, if in step 2424 the interface 
unit determines that irrigation should be reactivated or per 
mitted it may generate a signal to reactivate irrigation in step 
2426. For example, in one embodiment, the signal may cause 
a relay or Switch breaking the common line of a controller to 
close. This would allow irrigation activation lines of the con 
troller to function. Alternatively, if in step 2424 the interface 
unit 14 determines that irrigation should remain interrupted, it 
will return to step 2412 or optional step 2410 and repeats the 
process once a request is initiated and/or a transmission from 
the sensor unit is received. 

0103 FIG. 6 illustrates an alternative process 610 to, at 
least in part, to provide some control over irrigation as imple 
mented through the interface unit 14, according to some 
embodiments. When an irrigation cycle is initiated or com 
manded by the irrigation controller 30, the interface unit 14 is 
notified (e.g., a current flows in the common line 34 that is 
detected by the interface unit). In step 612, the interface unit 
detects the initiation of an irrigation and/or the notification 
that an irrigation is about to be initiated, for example, the 
current sensor 420 detects the current flow through the com 
mon line. Following detection of the signal, in step 614 the 
current sensor 420 notifies the controller 414 and the control 
ler initiates a transmission of a request to the sensor unit 12 by 
the transceiver 412. Alternatively, in some embodiments the 
current sensor sends a signal to the controller 414 indicating 
the measurement of current flow and the controller deter 
mines whether an irrigation is about to be initiated. Following 
the detection of initiation of an irrigation cycle step 614 is 
entered where the controller 414 initiates a transmission of a 
request to the sensor unit 12 by the transceiver 412. In step 
616, the transceiver 412 receives a signal carrying data trans 
mitted by the sensor unit 12 in response to the request, and 
Supplies the data to the controller 414. In some instances, the 
signal provides measurement data taken by the sensor unit 12 
and/oran indication that a threshold has been reached, and the 
measurement data or indication is stored or cached in the 
memory 418. In some embodiments, the interface unit 14 may 
send a request to the sensor unit 12 requesting that the sensor 
unit obtains current and/or updated data from the sensors 
prior to the initiation of an irrigation cycle. In some embodi 
ments, for example, when the interface unit determines that 
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an irrigation cycle is about to begin the interface unit may 
send a message to the sensor unit 12 requesting current data to 
determine whether to inhibit irrigation. 
0104. In step 618, the interface unit 14 determines whether 
the irrigation cycle should be inhibited. Alternatively, the 
measurement data is forwarded to the irrigation controller 30 
to evaluate and determine whether irrigation is to be inter 
rupted. The signals received at the interface unit 14 from the 
sensor unit 12 may comprise an indicating a threshold level 
has been exceeded, data corresponding to a level of precipi 
tation and/or rain fall, and in Some instances may further 
include other measurement data, Such as temperature data 
sensed by the sensor unit 12. In one embodiment of determin 
ing in step 618 of whether to inhibit irrigation, the controller 
414 compares the measurement of precipitation and/or rain 
fall to some criteria, e.g., a stored threshold level, to deter 
mine whether a predetermined relationship exits between 
these variables (e.g., if the amount of measured rain fall 
exceeds a threshold level of rain). In some embodiments, the 
determination of whether the irrigation cycle should be inhib 
ited comprises one or more criteria, wherein the interface unit 
14 and controller 414 processes the data received from the 
interface unit to determine whether certain criteria is met and 
based on this determination the interface unit may generate an 
interrupt message inhibit irrigation. In one embodiment, for 
example, the interface unit 14 uses the information received 
from the sensor unit to determine a rate of change of the 
received atmospheric measurements, the interface unit may 
then generate an interrupt message to inhibit irrigation when 
it senses a certain level of change in the received measure 
ments, e.g., a positive rate of change in amount of precipita 
tion or the rate of change of temperature, and/or other Such 
data. In some embodiments, the instruction set operating in 
the interface unit 14 is calibrated to correlate the information 
received from the sensor unit 12 to a level of rainfall that may 
be related to the threshold level or other criteria. For example, 
in embodiments where the signal received at the interface unit 
14 represents a raw electrical signal output from the sensor 
unit 12, the transceiver 412, the controller 414 and/or other 
intermediate device processes this signal to correlate this 
signal to a corresponding level of rain fall. Alternatively, this 
correlation may be performed by the sensor unit 12, and the 
resulting correlation is forwarded to the interface unit 14. In 
some embodiments, when the rain fall relationship does not 
exist the controller 414 may further compare other param 
eters, such as the received measurement of temperature to a 
stored temperature threshold level to determine whether a 
predetermined relationship between these variables exists 
(e.g., if the measured temperature is below a threshold tem 
perature). In other embodiments, the determination of 
whether a relationship exists between the measured rain level 
and a preset threshold, or whether other variables such as 
temperature exceed a preset threshold, is made at the sensor 
unit 12 and the signal received by the interface 14 from the 
sensor unit 12 provides these determinations from which the 
controller 414 determines whether to inhibit irrigation. 
0105. Once the controller 414 determines that irrigation 
should be inhibited in step 618 (e.g., the threshold level of 
rainfall has been exceeded by the amount of sensed or mea 
sured rain fall or the threshold level of temperature is above 
the measured ambient temperature), the process 610 contin 
ues to step 620 where the controller 414 generates an interrupt 
signal. In some forms, a relay device which is normally closed 
is opened, interrupting irrigation. In some embodiments, the 
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relay device is implemented as a Switching device which is 
opened to inhibit the irrigation. In step 622 when irrigation is 
being commanded by the irrigation controller 30 while the 
interface unit 14 is commanding that irrigation be inhibited, a 
Voltage sensor 422 monitors the Voltage across the relay con 
tacts. In step 624, it is determined whether the irrigation cycle 
has terminated. When the irrigation cycle has not terminated, 
the process 610 returns to step 622 to monitor the irrigation 
cycle. When the irrigation cycle has terminated, the process 
moves to step 626 where the interface unit 14 closes the relay 
device. Following step 626 the process returns to step 612 
where the interface unit determines whether an irrigation 
cycle is initiated (e.g., the current sensor device 420 monitors 
the current flow to determine if an irrigation cycle is 
detected). 
0106 Returning to step 618, when it is determined that 
irrigation should not be inhibited, the system returns to step 
612 to determine whether an irrigation cycle is detected. In 
Some embodiments, the determination that irrigation should 
be inhibited (e.g., that a relationship exists between the mea 
sured variables and the thresholds) is made at the sensor unit 
12, and upon transmitting a request to the sensor unit, the 
interface unit 14 will receive an “irrigate' or “inhibit com 
mand. 

0107. In some embodiments, when it is determined in step 
618 that the irrigation is not to be interrupted (e.g., the level of 
rain fall or ambient temperature do not meet the predeter 
mined relationship), optional step 630 is entered where the 
interface unit determines whether the level(s) of the measure 
ment data (e.g., rain fall, temperature and/or other data) are 
such that the irrigation should be adjusted. This may be done 
by comparing the precipitation data and/or the temperature to 
a second set of thresholds. Additionally or alternatively, the 
interface unit 14 may forward one or more of the measure 
ment data to the irrigation controller 30 allowing the irriga 
tion controller to determine whether irrigation is to be 
adjusted. 
0108. When it is determined in step 630 that the irrigation 

is to be adjusted, step 632 is entered and the interface unit 14 
adjusts the run time of the irrigation cycle and/or notifies the 
irrigation controller 30 that the runtime should be adjusted 
(e.g., by forwarding measurement levels and/or adjustments 
to be implemented). When it is determined in step 630 that 
adjustments are not to be made or following step 632 the 
process 610 returns to step 612 to detect the start of an irri 
gation cycle. 
0109 Referring back to FIG. 4, the user input 424 allows 
a user to input and adjust the stored threshold level(s), enable 
or disable the sensor(s), and/or adjust other settings. Generi 
cally, in one embodiment, the user input 424 comprises at 
least one selectable user input that allows the user to make 
adjustments and/or selections. The user input 424 may com 
prise one or more of buttons, Switches, levers, rotating dials, 
etc. The user display 426 may indicate the operational status 
of the interface unit 14, e.g., the display may indicate that the 
receiver unit is powered on, what threshold level is selected, 
if the receiver unit is in an irrigation interrupt state, etc., 
and/or the operational status of sensor unit 12 Such as the 
operational mode of the sensor unit. The user display 326 may 
be one or more of a display Screen, liquid crystal display 
(LCD), touch screen display, lights, LEDs, and/or other rel 
evant displays. In some, embodiments for example, the dis 
play comprises a backlit LCD, for example, which is capable 
of displaying alphanumeric characters with 11-segment LCD 
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digits. It is noted that although the input/output unit 18 
(whether wired or wireless) is illustrated as a transceiver 
(wired or wireless), in some embodiments the input/output 18 
may comprise a separate transmitter and receiver. 
0110 FIG. 7A is an illustration of some embodiments of 
the interface unit 14 for use in the rain sensor system 10 of 
FIGS. 1 and 2. In this embodiment, the user input 424 is 
embodied as including an ON/OFF switch 712, an up button 
714 and a downbutton 716. The user display 426 is embodied 
as a small display screen 718. The ON/OFF switch 712 turns 
the power to the interface unit 14 on and off. The up and down 
buttons 714 and 716 are used to set and adjust one or more 
threshold levels and/or other parameters and settings. These 
thresholds and/or parameter may be utilized and/or for 
warded to the sensor unit 12 to adjust a remote rain sensor to 
different threshold levels at the sensor unit 12 of the rain 
sensor system 10, such as described in U.S. Pat. No. 6,570, 
109; however, the threshold level is set electronically and at 
the interface unit 14. For example, by pressing the buttons 714 
and 716, the user switches between multiple discrete levels of 
rain thresholds, e.g., a low threshold, a mid threshold and a 
high threshold. In other embodiments, the up and down but 
tons 714, 716 cause an up and downgradient or analog adjust 
ment to the stored threshold level. The display 718 may be 
configured to indicate which threshold level the interface unit 
14 is currently set, notify the user of battery strength or low 
battery, indicate if the interface unit 14 is in watering interrupt 
mode or not, and other such information. In some embodi 
ments, the display screen 718 is not included. 
0111. In other embodiments, such as shown in FIG. 7B, an 
additional selection button 715 is provided that allows a user 
to select different adjustable features or settings of the inter 
face unit 14. For example, the selection button 715 provides 
different adjustment functionality to buttons 714 and 716. 
The display 718 indicates what parameter or setting the user 
may adjust with buttons 714 and 716. For example, by repeat 
edly pressing the selection or menu button 715, the user may 
navigate between different selectable or adjustable settings or 
features. For example, as described above, the selection but 
ton 715 allows the user to make adjustments to the rain fall 
threshold level. Pressing the button 715 again may allow the 
user to change the rain delay period after the water threshold 
has been exceeded and returned back below the threshold, to 
change the temperature threshold level, and/or change other 
parameters or settings. The button 715 may also allow fea 
tures to be turned on or off with the buttons 714 and 716. For 
example, button 714 may be used to turn a feature selected by 
button 715 on, while button 716 turns that feature off. 
0112 Referring to FIG. 8, in some embodiments of the 
interface unit 14, the threshold level is set by moving a multi 
position switch 812 or other type of drag barbetween multiple 
positions. Each Switch position electrically signals to the 
processor what threshold level corresponds to the proper 
Switch position. In many embodiments, precipitation 
amounts between, for example, /s" to 3/4" are selectable in 
discrete increments or continuous manner. Further, in some 
embodiments, the user input 424 comprises a three-position 
toggle switch 814 to allow the user to configure the unit for the 
desired operation. The switch 814 has a center, left and right 
position. In some embodiments, placing the Switch into the 
center position places the interface unit 14 into a normal 
operational mode where irrigation is inhibited if sufficient 
precipitation has been detected by the sensor unit 12. Placing 
the switch into the left position places the interface unit 14 
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into a bypass mode where irrigation is not inhibited by the 
system. The setting the Switch into the right position places 
the interface unit 14 into a test mode. In some embodiments, 
the right position is a spring-loaded return to center, automati 
cally releasing to center position e.g., normal mode, when the 
Switch is no longer held in position. The user display 426, in 
Some embodiments, may include an LCD backlit display 
screen 816. In many embodiments, the user input 424 may 
further include a pushbutton switch 820 to allow the user to 
activate the LCD backlight for a period of time. 
0113 FIG. 29A is an illustration of alternate embodiment 
of the interface unit 14. This embodiment comprises for 
example an LCD touchscreen embodying both user input and 
user display functionality. In other embodiments, the user 
input may comprise selectable buttons, dials and/or Switches, 
and the user display may be a graphical display and/or other 
means of displaying data to the user. The user input 424 is 
embodied as including a rain threshold selector 2936, a tem 
perature threshold selector 2926, rain sensor activation selec 
tor 2932 and temperature activation selector 2930. The rain 
threshold selector 2936 and temperature threshold selector 
2926 enable the user to set or adjust the threshold level for the 
amount of rain or temperature respectively. These thresholds 
may be utilized at the interface unit 14 for making decisions 
regarding whether to inhibit/interrupt or permit/allow irriga 
tion, and/or may be forwarded to the sensor unit 12 to adjust 
a remote rain sensor to different threshold levels at the sensor 
unit 12. The rain activation selector 2932 and the temperature 
activation selector 2930 further allow the user to adjust the 
mode of operation wherein the user may select to inhibit 
irrigation based on the amount of rain or precipitation and/or 
the temperature. For example, using the selectors 2930 and 
2932 the user may chose to interrupt irrigation based on both 
precipitation and temperature data by activating both selector 
and/or one or neither of the measurements by deactivating 
either or both of the Selectors 2930 and 2932. It is noted that 
the rain threshold selector 2936 and the temperature threshold 
selector 2926 may be generically referred to as selectable 
inputs that allows a user to adjust a respective threshold level. 
0114. The display 2900, as illustrated in FIG. 29A, is 
embodied as a connectivity indicator 2938, a signal strength 
indicator 2920, a connection indicator 2924, a rain indicator 
2934, a battery strength indicator 2922, a temperature indi 
cator 2928, and a system status indicator 2940. The connec 
tivity indicator 2938 indicates whether there is a connection 
between the interface unit 12 and the sensor unit 14. The 
signal strength indicator 2920 displays the signal strength of 
the wireless connection between the sensor unit 12 and the 
interface unit 14, where the number of bars represents the 
strength of the signals received from the sensor unit 12 at the 
interface unit 14. The connection indicator 2924 displays the 
number of sensors 12 currently connected to the interface unit 
14 and further displays which of the sensors 12 a-n is cur 
rently able to communicate with the interface unit. For 
example, two sensor units are illustrated, the upper left one in 
active communication with the interface unit, while the lower 
left one is not connected to the interface unit. The rain fall 
indicator 2934 and the temperature indicator 2928 display the 
amount of rain fall and the temperature currently present at 
the sensor unit 12 relative to the thresholds (indicated by 2936 
and 2926). The signal strength indicator 2920 displays the 
signal strength between the interface unit 14 and the sensor 
unit 12. The battery strength indicator 2922 may display the 
battery strength of the battery at the interface unit, sensor unit, 
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and/or the rain sensor System 10 as a whole. For example, in 
one embodiment, the battery strength indicator displays the 
battery strength measurement that it receives from the sensor 
unit. The system status indicator 2940 displays the mode of 
operation, i.e., whether the system inhibits irrigation based on 
rain fall, temperature, and/or both, and additionally displays 
whether irrigation is inhibited currently. 
(0.115. As illustrated in FIG. 29A, the top section of the 
system status indicator 2940 indicates whether the system is 
controlling irrigation based on the measurement of rain, tem 
perature, or both. For example, FIG. 29.A shows the system 
status indicator displaying that the system is currently only 
inhibiting based on the amount of rain, i.e., only the rain 
symbol is present at the top of the indicator. The system status 
indicator further indicates whether the system is currently 
interrupting irrigation, where the sprinkler symbol on the 
indictor is either showing irrigation or displays that no irri 
gation is occurring, for example, the system status indicator 
as illustrated in FIG. 29A indicates that irrigation is currently 
not interrupted since the sprinkler symbol is showing irriga 
tion. 

0116 FIG. 29B illustrates an alternative embodiment 
2901 of the display 2900 of the interface unit 14 for use with 
the system 10, for example in embodiments when the inter 
face unit 14 is coupled with multiple sensor units. As illus 
trated, in some embodiments the connection indictor 2924 
displays the interface unit, and also displays multiple sensor 
units coupled to the interface unit (in this case sensor units 1, 
2, 3 and 4). The interface unit also displays the battery 
strength and signal strength 2920, and battery strength 2922 
for each of the sensor units 12. 

0117. With respect to the embodiments of FIGS. 7A, 7B, 
8, 29A and 29B and others described herein, prevention of 
tampering of slide Switches and/or push buttons may be pro 
vided by using a mechanical cover (not shown) over the 
switches/buttons. Additionally or alternatively, in some 
embodiments, buttons have to be pressed and held for a period 
of time (e.g., 2-5 seconds) before any changes occurs. This 
prevents the accidental altering of receiver unit settings. 
0118. The interface unit 14 may be powered by connection 
to the controller 30, e.g., it draws power from the 24 VAC 
power source of the controller 30. In other embodiments, 
battery, Solar, wind powered or other power sources and/or 
combinations of sources may be used to supply power to the 
interface unit 14. 
0119. In some embodiments, the sensor unit 12 includes 
an indicator light, such as a bi-color LED, that is visible to a 
user and also includes the driver circuitry and power to drive 
the indicator light. This indicator light is useful when initial 
izing the sensor unit 12 and/or the interface unit 14. For 
example, in some embodiments, the interface unit 14 includes 
a test mode button that when pressed sends a signal to the 
sensor unit 12. In one embodiment, when the sensor unit 12 
receives the signal, it illuminates the indicator light. An 
installer may mount the sensor unit 12 to a given location. The 
test button on the interface unit may be activated allowing the 
installer to return to the sensor unit to verify that the indicator 
light is illuminated, Verifying that the communication 
between the sensor unit 12 and the interface unit 14 is valid. 
I0120 In some embodiments, additionally or alternatively, 
when the sensor unit receives the signal from the interface 
unit it determines the signal strength of the signal and displays 
the signal via the indicator light. For example, in one embodi 
ment the indicator light blinks a certain number of times 
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representing the signal strength of the test signal. An installer 
may use the signal strength indication to locate one of a 
plurality of possible installation locations with the best signal 
strength. Additionally, in some embodiments the installer 
may move the sensor unit where the signal strength varies 
with the change in location, and further where the determin 
ing and displaying of the signal strength is done automati 
cally, so that the installer may install the interface unit, push 
the test message and then move the sensor unit in the remote 
location until the installer finds a location with the best signal 
strength where the sensor unit 12 may be installed. 
0121 Additionally and/or alternatively, once power is 
applied to the interface unit 14, the interface unit starts send 
ing signals to the sensor unit 12 for a period of time. If the 
sensor unit 12 is in range, the indicator light is illuminated. 
For example, an installer may determine whether the location 
of the sensor unit 12 is adequate and/or in communication 
with the interface unit 14 based on the decision criteria of 
whether the bi-color LED is illuminated (e.g., illuminated 
green). If the location is determined to be inadequate, the 
bi-color LED is not illuminated or is illuminated a second 
color (e.g., illuminated red). 
0122 FIG. 9 illustrates a flow chart of the process 900 by 
which the interface unit communicates with the sensor unit 
once communication is established between the interface unit 
14 and the sensor unit 12, according to some embodiments of 
the rain sensor system 10 illustrated in FIGS. 1 and 2. In some 
embodiments, the process 900 initiates at step 910 where a 
determination is made as to whether there is a sensor unit 14 
to receive an activation and/or start up message from the 
interface unit. This determination may include retrieving 
from memory 418 identification information for one or more 
sensor units 12 with which the interface unit is associated. 
Step 910 may be an optional step. For example, when there is 
only a single sensor unit 12 that is associated with the inter 
face unit. Additionally or alternatively, the interface unit may 
instead skip to step 912 and broadcast a request as described 
below to each sensor unit associated with the interface unit 
14. This identification information may include the version 
number of the sensor unit, an identification number of the 
sensor unit and/or other information uniquely assigned to the 
sensor unit. Further, this information, in Some instances, is 
stored in the memory 418 at the time the sensor unit 12 is 
installed, or assigned to an interface unit 14. If there are no 
sensor units associated with the interface unit, the process 900 
moves to step 920 where a message is displayed on the user 
display 426 alerting the user that there are no sensor units 12 
associated with the interface unit 14. 

0123. In step 912, once power is applied to the interface 
unit 14 the interface unit enters an initialization mode and 
transmits a request to one or more sensor units 12. In step 914. 
the interface unit 14 checks to see if an acknowledgment 
message is received from the sensor unit 12. When an 
acknowledgment is received in step 914 the process then 
continues to step 916, where the interface unit 14 processes 
the message and displays the appropriate data on the display 
426 (e.g., a confirmation of connection message, an identifi 
cation of the one or more sensors from which responses are 
received and/or other such information). When the sensor unit 
12 is in range, as introduced above, the indicator light may 
also be illuminated at the sensor unit. 

0.124. If it is determined in step 914 that an acknowledg 
ment is not received, the process continues to step 918 where 
an incremental counter is increased by one, and it is deter 

Sep. 29, 2011 

mined whether the request signal has been transmitted a pre 
defined number of times. If the request has not been sent the 
predefined number of times, the process returns to step 912 to 
again transmit the request. The Subsequent transmission may 
be delayed for a period of time and/or the subsequent request 
may be transmitted at a higher transmit power in attempts to 
connect with the sensor unit 12. Alternatively, when an 
acknowledgment is not received after a predetermined num 
ber of connection attempts the process continues to step 920 
where it displays a message alerting the user. 
0.125 Following step 916, following the initialization 
mode, the interface unit 14 enters the normal or sleep mode. 
In normal mode the interface unit will function in accordance 
with the process as described in FIG. 6. In many embodi 
ments, the interface unit 14 also provides a test mode to 
enable the user to determine whether or not a proposed loca 
tion for the sensor unit will result in satisfactory signal recep 
tion and communications reliability. This is made possible, in 
Such embodiments, by having a two way communication 
between the sensor and interface unit. In the test mode, the 
interface unit 14 initiates a test message transmitted to the 
sensor unit and receiving an acknowledgment to Verify that 
the sensor unit 12 and interface unit 14 may communicate. 
The test mode may be initiated automatically by the system in 
the initialization step. In some embodiments, the user may 
also initiate a test mode by using the user input 424. 
I0126. In many embodiments message traffic between the 
interface unit 14 and sensor unit 12 occurs in pairs, e.g., when 
a message is sent, there is an acknowledgement. In the event 
that the sender of an initial message does not receive an 
acknowledgement corresponding to the message sent, the 
originator of the message may assume that the message was 
lost and attempt to retransmit the message. FIG. 10 illustrates 
a process 1000 that is implemented in the event that loss of 
communication occurs between the sensor unit 12 and inter 
face unit 14 of rain sensor device or system 10 illustrated in 
FIGS. 1 and 2. In step 1010 after sending a message, the 
originator of the message, e.g., the sensor unit 12 or the 
interface unit 14, determines whether an acknowledgment is 
received. When an acknowledgement is received, the process 
1000 continues to step 1050 to continue normal operations. 
Alternatively, if an acknowledgment is not received, typically 
within a predefined period of time, then the process continues 
to step 1012 where the originator resends the message. 
I0127. In step 1014 the originator checks to see if an 
acknowledgment is received. When it is determined in step 
1014 that an acknowledgment is received, the process con 
tinues to step 1050 and resumes its normal operation. If no 
acknowledgment is received then the process continues to 
step 1016 to determine whether a predefined time limit for 
reattempting to send the message is reached and/or whether 
the message is retransmitted a predefined number of times. 
When it is determined in step 1016 that the predefined time 
period and/or number of attempts is not reached, the process 
returns to step 1012 to continue attempting to transmit the 
message. Alternatively, when, an acknowledgment is not 
received within the predetermined period of time and/or 
within the limited number of attempts, the system continues 
onto step 1018 where the originator attempts to determine 
whether there is interference in the communications channel. 

0128. In some embodiments, both the sensor unit 12 and 
interface unit 14 periodically monitor the RSSI values 
obtained from the receiver and/or transceiver 316,412 during 
periods where no message traffic is being passed. These val 



US 2011/0238227 A1 

ues are noted and stored in memory so that information about 
the noise levels at the sensor unit 12 and interface unit 14 
locations are available with which to assess the communica 
tions channel at a given time. In some embodiments, when no 
message traffic is being passed, the interface unit 14 Samples 
the RSSI value randomly, at scheduled times, at intervals, 
e.g., at intervals of one minute, or the like. Additionally or 
alternatively, the sensor unit 12 may samples the RSSI value, 
randomly, at Scheduled times or at intervals, e.g., at intervals 
of one hour. In step 1018 the originator of the message may 
samples the RSSI value, for example from its receiver chip, 
and assesses whether or not there is interference or noise 
levels that exceed limits. When it is determined that high 
noise level is present the system continues to step 1020 where 
the originator increases the transmittal power. 
0129. In step 1022, the device attempts retransmission of 
the message at the increased transmitter power. In some 
embodiments, this step comprises retrieving the maximum 
transmittal power from memory. In step 1024 the system 
checks to see if an acknowledgment is received. When an 
acknowledgement is received, the process continues to step 
1050 to transition to a normal mode of operation. If the 
retransmission attempt does not result in an acknowledgment, 
step 1026 is entered where it is determined whether the noise 
level has returned to or is below a threshold and/or a nominal 
value. In some embodiments, the process may repeat steps 
1022 and 1024 in attempts to resend the message for a certain 
period of time or a predetermined number of attempts before 
continuing to step 1026. When it is determined in step 1026 
that the noise level over the communication link has subsided 
or reduced to desired levels, the process returns to step 1012 
to retransmit the message. In some embodiments when 
returning to step 1012 the interface unit sends a message to 
reset the transmittal power of the sensor unit. 
0130. Alternatively, when it is determined in step 1026 
that the noise level has not reduced, the originator device 
continues to sample RSSI values, e.g., at predetermine time 
intervals and the process then proceeds to step 1030. In step 
1030, it is determined whether a period of time has elapsed 
without detecting a reduction in noise level (e.g., reduction to 
a desired level). If the time limit has not elapsed the process 
returns to step 1026 to determine whether there has been a 
reduction in noise over the channel. Alternatively, when the 
time period has elapsed, the process enters step 1032 where 
an error message is displayed and/or otherwise indicated and 
the process terminates. In some embodiments, during this 
process the user display 426 of the interface unit 14 displays 
status information, Such as a noise message or levels, error 
message, acknowledgement not received and/or other Such 
information. 

0131 Returning to step 1018, when it is determined that 
the noise level is not in excess, it is presumed that the receiv 
ing device at the other end of the communication channel 
(e.g., wireless link) has failed. The system then continues to 
step 1040 where the transmitting device attempts to reestab 
lish communication. In step 1042, it is determined whetheran 
acknowledgement is received for the reconnection. When the 
reconnection is achieved, the process 1000 returns to step 
1012 to resend the message (or in some instances to step 1050 
for normal operation). Alternatively, the process continues to 
step 1044, where it is determined whether a time limit has 
expired while attempting to reestablish communication. 
When the time limit has not been reached the process returns 
to step 1040. When the time limit has been reached, the 
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process continues to step 1032, and an error message is dis 
played and/or otherwise indicated and the process terminates. 
0.132. In some embodiments, the sensor unit 12 in per 
forming steps 1016, 1030 and/or 1044 may attempt imple 
ment a shorter amount of time and/or number of tries before 
ceasing to transmit, and waits until the interface unit 14 
attempts to reconnect. Additionally or alternatively, the sen 
sor unit 12 may not perform all of the steps of the process 
1000, and may termination communication earlier in the pro 
cess to await communication from the interface unit 14. In 
some embodiments, the user display 426 of the interface unit 
14 displays a NO SIGNAL message or other indicator during 
the time the interface unit is waiting for an acknowledgement 
and/or is attempting to reconnect until reconnection is 
achieved or the process terminates. 
I0133. The next several figures illustrate and describe vari 
ous types of sensors and circuitry for sensing or generating a 
signal indicative of the amount of rain fall. These drawings 
have been simplified and do not illustrate all components of 
the device. For example, all components of the circuitry and 
outputs such as a power source (battery and/or Solar cell) and 
wireless transmitters are not illustrated. Depending on the 
embodiment, a signal representing a sensed value that corre 
sponds to an amount of rainfall received is transmitted to the 
interface unit 14. In some forms, the interface unit is config 
ured to properly interpret the information in the signal and 
correlate that information to a corresponding level of rainfall 
received. In other embodiments, the signal is converted to a 
corresponding level of rain fall prior to being transmitted to 
the interface unit 14. Still further in some implementations, 
the sensor unit 12 determines whethera threshold level of rain 
is received and transmits an indication of whether the thresh 
old is exceeded in response to an inquiry from the interface 
unit 14. 

0.134 Referring next to FIG. 11, a diagram is shown of a 
sensor unit 1102 for use in a system to interrupt execution of 
one or more watering schedules of an irrigation controller 
according to several embodiments. In this embodiment, the 
sensor unit 1102 includes a housing 1104 having an opening 
1106 to allow rain fall to enter a volume 1108. Although not 
illustrated, a ceramic or other porous filter is located in the 
opening 1106 to allow rainfall to be received into the volume 
1108 while preventing dirt and other debris from entering the 
volume. Within the volume 1108 is a moisture absorptive 
material that expands and contracts based on the presence of 
and absence of rain fall, such as a hygroscopic material 1110 
comprising a plurality of hygroscopic discs. It is understood 
that the shape and configuration of the hygroscopic material 
may vary according to the specific implementation. For 
example, the hygroscopic material 1110 may comprise discs 
(as illustrated, or may comprise other suitable materials, such 
as an expandable granular material (e.g., polyacrylamide, 
etc.) contained within an envelope or flexible container. 
0.135 The material 1110 expands in the presence of water, 
expanding further as the presence of water increases, and 
contracting as water is evaporated from the volume 1108. 
Vents (not illustrated) are provided to allow evaporation, i.e., 
allow the volume 1108 to dry when rainfall is not present. A 
plunger 1112 is coupled to the material 1110 and a spring 
1114 to bias the material 1110 upwardly. A metal piece 1116 
(e.g., a metal plate or short section of metal cylindrical tub 
ing) is mounted on the lower Surface of the mechanical 
plunger 1112. This metal piece 1116 is situated in proximity 
to a capacitor 1118 mounted on the printed circuit board 1120 
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comprising the sensor electronics. In some embodiments, the 
printed circuit board 1120 may comprise a controller, 
memory, transceiver and/or other relevant elements. The 
capacitor 1118 forms the capacitive arm of an oscillator. The 
capacitor 1118 is such that the electric field surrounding its 
plates should have sufficient extent so that the metal piece 
1116 mounted on the plunger 1112 will affect its capacitance. 
Expansion of the hygroscopic material 1110 causes the spac 
ing between the piece of metal 1116 and the capacitor 1118 to 
change, altering the capacitance of the plunger/capacitor sys 
tem. Changes in the capacitance of the system will result in a 
change of the frequency of oscillation of the oscillator, the 
frequency of corresponding to the amount of precipitation. 
The sensed frequency provides an analog continuous mea 
Surement corresponding to the amount of rain fall. The value 
of this sensed frequency is transmitted to the interface unit for 
a determination of whether a rain threshold has been 
exceeded. Additionally or alternatively in some embodi 
ments, the rain sensor unit 1102 detects when a threshold 
amount of water is received. For example, contact of the piece 
of metal 1116 with the capacitor 1118 or circuit board 1120 
causes the closing of a Switch indicating that a threshold 
amount of water has been exceeded such that a signal indi 
cating that the threshold has been exceeded is then forwarded 
to the interface unit in response to the request from the inter 
face unit. In another embodiment, item 1118 is a mechanical 
switch or button that when contacted by item 1116, presses 
the Switch. In this embodiment, the fact that the Switch is 
pressed, closed or contacted indicates to the electronics that 
the threshold has been exceeded. 

0136. Referring next to FIG. 12, a sensor unit 1202 
includes a strain gauge 1204 coupled to the printed circuit 
board 1120 and that engages the plunger 1112 when the 
material 1110 expands. Expansion of the material 1110 
changes the force applied to the strain gauge 1204 by the 
plunger 1112. The plunger 1112 may initially contact the 
strain gauge 1204 or not and a spring 1114 may optionally be 
included between the strain gauge 1204 and the plunger 1112. 
This change in force on the strain gauge 1204 is detected by 
appropriate electronics on the printed circuit board 1120. The 
sensed force provides an analog continuous measurement 
corresponding to the amount of rain fall. The value of this 
sensed force is transmitted to the interface unit 14 for a 
determination of whether a rain threshold has been exceeded 
and/or a determination of whether a threshold is exceeded 
may be transmitted to the interface unit 14. 
0137 Referring next to FIG. 13, a sensor unit 1302 
includes an inductor 1304 wrapping around the material 1110 
and coupled to the printed circuit board 1120. The inductor 
1304 is fabricated from a fine wire and forms one arm of an 
oscillator circuit on the circuit board 1120. Expansion of the 
hygroscopic discs (material 1110) changes the inductance 
and internal dissipation of the inductor, changing the fre 
quency and amplitude of the oscillator. This change is 
detected by appropriate electronics on the printed circuit 
board 1120, providing an analog continuous measurement 
corresponding to the amount of rain fall and/or an indication 
of exceeding a threshold. The value of this sensed frequency 
and/or amplitude is transmitted to the interface unit 14 for a 
determination of whether a rain threshold has been exceeded. 

0138 Referring next to FIG. 14, a sensor unit 1402 
includes graphite stack resistor 1404 coupled to the printed 
circuit board 1120 and that engages the plunger 1112 when 
the material 1110 expands. Expansion of the hygroscopic 
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discs (material 1110) changes the force applied to the graph 
ite stack resistor 1404 by the plunger 1112. The plunger 1112 
may initially contact the stack resistor 1404 or not and a 
spring 1114 may optionally be included between the stack 
resistor 1404 and the plunger 1112. This change in force on 
the graphite stack 1404 changes its electrical resistance, and 
is detected by appropriate electronics on the printed circuit 
board 1120, providing an analog continuous measurement 
corresponding to the amount of rain fall. The value of this 
sensed resistance is transmitted to the interface unit 14 for a 
determination of whether a rain threshold has been exceeded. 

I0139 Referring next to FIG. 15, a sensor unit 1502 
includes a magnet 1504 on a surface of the mechanical 
plunger 1112. This magnet 1504 is situated in close proximity 
to a Hall Effect device 1506 mounted on the printed circuit 
board 1120 comprising the circuitry or electronics of the 
sensor unit 1112. Expansion of the hygroscopic discs (mate 
rial 1110) causes the spacing between the magnet 1504 and 
the Hall Effect device 1506 to change, changing the output of 
the Hall Effect device 1506. This change in the output of the 
Hall effect device 1506 is detected by appropriate electronics 
on the printed circuit board 1120, providing an analog con 
tinuous measurement corresponding to the amount of rain 
fall. The value of this output is transmitted to the interface unit 
14 for a determination of whether a rain threshold has been 
exceeded. 

0140. Referring next to FIG. 16, a sensor unit 1602 is 
shown in which the base of the mechanical plunger 1112 is in 
contact with a wiper 1604 of a fixed resistive sensing element 
1606. In some embodiments, the resistive element and the 
wiper form a linear potentiometer. Expansion of the hygro 
scopic discs (material 1110) changes the position of the linear 
wiper 1604 on the potentiometer 1606, changing its resis 
tance. This change in resistance is detected by appropriate 
electronics on the printed circuit board 1120, providing an 
analog continuous measurement corresponding to the 
amount of rainfall. The value of this resistance is transmitted 
to the interface unit 14 for a determination of whether a rain 
threshold has been exceeded. 

0141 Referring next to FIG. 17, a sensor unit 1702 is 
shown which does not use a hygroscopic material, and instead 
uses a capacitor 1704 including a set of plates or electrodes. In 
the illustrated form, the electrodes are formed as coaxially 
aligned cylindrical tube electrodes 1706 and 1708, electrode 
1706 being the outer coaxial tube and electrode 1708 being 
the inner coaxial tube. These tubes are illustrated in cross 
section view. The capacitor 1702 forms the capacitive arm of 
an oscillator implemented on the circuit board 1120. The 
volume 1108 and electrodes 1706 and 1708 are configured 
such that water collects in the space between the electrodes 
1706, 1708, changing the capacitance of the coaxial system. 
The high dielectric constant of water will effect a large change 
in the capacitance of the system under conditions of Small 
accumulations of precipitation. Changes in the capacitance of 
the system will result in a change of the frequency of oscil 
lation, providing an analog continuous measurement corre 
sponding to the amount of rainfall. The value of this changing 
frequency is transmitted to the interface unit 14 for a deter 
mination of whether a rain threshold has been exceeded. 

0.142 Referring next to FIG. 18, a sensor unit 1802 is 
shown which does not use a hygroscopic material. In this 
embodiment, a material whose electrical resistance changes 
when exposed to wateris employed to detect precipitation. As 
illustrated, a resistance cell 1804 is located within the volume 
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1108. Electrodes 1806 and 1808 couple from the resistance 
cell 1804 to the circuit board 1120 and measure the resistance 
across the cell. Resistance across the resistance cell 1804 
decreases as it becomes wet relative to the initial readings 
when the sensor unit is initialized. Changes in the resistance 
of the cell 1804 correspond to changes in the level of rain fall 
received, providing an analog continuous measurement cor 
responding to the amount of rainfall. The value of this chang 
ing resistance is transmitted to the interface unit 14 for a 
determination of whether a rain threshold has been exceeded. 

0143 Referring next to FIG. 19, a sensor unit 1902 is 
shown in which the base of the mechanical plunger 1112 is in 
contact with a ferrous plunger 1906. This plunger 1906 is 
situated such that it moves within an inductive coil 1908 
connected to the printed circuit board 1120. The inductor 
1908 is fabricated from a fine wire and forms one arm of an 
oscillator circuit on the circuit board 1120. Expansion of the 
hygroscopic discs (material 1110) changes the position of the 
plunger 1906 altering the inductance of the plunger/inductor 
system. Changes in the inductance of the system will result in 
a change of the frequency of oscillation of the oscillator. This 
frequency change is detected by appropriate electronics on 
the printed circuit board 1120, providing an analog continu 
ous measurement corresponding to the amount of rain fall. 
The value of this frequency is transmitted to the interface unit 
14 for a determination of whether a rain threshold has been 
exceeded. 

0144. Referring next to FIGS. 27A and 27B, a sensor unit 
2700 is shown in which the mechanical plunger 1112 is in 
contact with the wiper 1604 of the fixed resistive sensing 
element 1606. As illustrated in FIG.27B, in one embodiment 
a spring 2712 is coupled to the wiper 1604 and the plunger 
1112 pushes the wiper towards the resistive sensing material 
maintaining appropriate contact between the resistive sensing 
material and the wiper. In some embodiments the wiper and 
the resistive sensing element are parts of a linear potentiom 
eter. Expansion of the hygroscopic discs (material 1110) 
changes the position of the linear wiper 1604 on the resistive 
sensing element 1606, changing its resistance. In some 
embodiments, this change in resistance is detected by appro 
priate electronics on the printed circuit board 1120, where it is 
processed to generate an indication representing an amount of 
rain fall. For example, in one embodiment, the processing 
results in an analog continuous measurement corresponding 
to the amount of rain fall. The indication representing the 
amount of rain fall derived from this resistance is transmitted 
to the interface unit 14 for a determination of whether irriga 
tion should be permitted or interrupted. In some embodi 
ments, the indication may also be used by the sensor unit to 
determine whether some internal criteria are met, for 
example, when changing the mode of operation of the sensor 
unit. In some implementations, the sensor unit also includes 
an antenna 2704, a light indicator 2706 and a temperature 
sensor 2708 coupled to the printed circuit board. Further, in 
Some embodiments, the sensor unit comprises a battery hous 
ing 2710 which holds the batteries from which the sensor unit 
draws its power. 
0145 According to several embodiments, the wiper 1604 
can be generically referred to as a first element, while the 
resistive sensing element 1606 may be generically referred to 
as a second element. In a preferred embodiment, the first 
element is a moving element and the second element is fixed 
in a location. Generically, the plunger causes the first element 
to move relative to the second element causing a change in a 
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variable (in this case, an electrical resistance) corresponding 
to an amount of rainfall. In some embodiments, the controller 
implemented on the circuit board is measures the variable and 
generates signals comprising an indication of the amount of 
rain fall based on the measured variable. 

014.6 Referring next to FIG. 28, a sensor unit 2800 is 
shown in which the mechanical plunger 1112 is in contact 
with a first electrode 2804 (e.g., an electrode plate). In 
response to expansion/contraction of the hygroscopic disks, 
the moving plunger moves the first electrode 2804 relative to 
a second electrode 2808 (e.g., an electrode plate) fixed to the 
electronic circuit board 1120. The fixed second electrode 
2808 is covered with a layer of insulator material 2806, e.g., 
Mylar insulation, where the insulator material is in contact 
with the moving first electrode 2804 such that it maintains a 
gap between the fixed electrode 2808 and the moving elec 
trode 2804. As illustrated in FIG. 8, in one embodiment, a 
spring 2810 coupled to the fixed electrode 2804 and the 
plunger 1112 pushes the moving electrode 2804 towards the 
fixed electrode 2808 and the insulator material maintaining 
appropriate contact between the fixed electrode covered with 
the insulator material and the moving electrode. Expansion of 
the hygroscopic discs (moisture absorptive material 1110) 
changes the position of the moving electrode 2804 relative to 
the fixed electrode 2808, changing the surface area of the 
fixed electrode 2808 that is covered by the moving electrode 
2804. Accordingly, this changes the capacitance generated 
between the two electrodes given a voltage difference ther 
ebetween. For example, a voltage is applied to the fixed 
electrode. In some embodiments, this change in capacitance 
is detected by appropriate electronics on the printed circuit 
board 1120, where it is processed to generate an indication 
representing an amount of rain fall. For example, in one 
embodiment, the processing results in an analog continuous 
measurement corresponding to the amount of rain fall. The 
indication representing the amount of rain fall derived from 
this capacitance is transmitted to the interface unit 14 for a 
determination of whether irrigation should be permitted or 
interrupted. In some embodiments, the indication may also be 
used by the sensor unit to determine whether some internal 
criteria are met, for example, when changing the mode of 
operation of the sensor unit. 
0147 According to several embodiments, the first elec 
trode 1804 can be generically referred to as a first element, 
while the second electrode 1808 may be generically referred 
to as a second element. In a preferred embodiment, the first 
element is a moving element and the second element is fixed 
in a location. Generically, the plunger causes the first element 
to move relative to the second element causing a change in a 
variable (in this case, an electrical capacitance due to a chang 
ing surface area of the first element positioned above the 
second element) corresponding to an amount of rain fall. In 
Some embodiments, the controller implemented on the circuit 
board is measures the variable and generates signals compris 
ing an indication of the amount of rain fall based on the 
measured variable. 

0.148. In many embodiments, the rain sensor system 10 is 
capable of measuring rainfall and according to one or more 
selected settings to permit or prevent an irrigation controller 
30 from irrigating. Rainfall settings are, for example, from /8" 
to 3/4" and are selectable at the interface unit 14. The rain 
sensor System 10 comprises the remote sensor unit 12, and an 
interface unit 14 mounted near an irrigation controller 30. 
Communication between the remote sensor unit 12 and inter 
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face unit 14, according to some embodiments, is a two way 
wireless radio link that may eliminate the need to route wires/ 
cable between the units. The wireless sensor unit 12 may be in 
one of the following forms or a combinations thereof, a wire 
less rain sensor (transmitter/receiver combination pack), a 
wireless rain/freeze sensor (transmitter/receiver combination 
pack), a wireless rain sensor receiver, a wireless rain/freeze 
sensor transmitter, and/or a wireless rain/freeze sensor 
receiver. 

014.9 FIG. 31 illustrates one possible implementation of 
the overall operation of the system 10 according to several 
embodiments. In step 3112 the sensor unit 12 generates an 
indication of the amount of rain and/or other data Such as 
temperature. In one embodiment, the rain sensor generates 
Such data periodically e.g. every 5 minutes. In other embodi 
ments, the sensor unit may generate Such indications in 
response to a request from the interface unit 14. Next, in step 
3114 the sensor unit transmits a signal comprising at least the 
generated indication to the interface unit 14. In some embodi 
ments, the sensor unit may initiate transmission to the inter 
face unit 14 once it detects a change in some atmospheric 
parameters, e.g., amount of rain fall and/or temperature, and 
sends an update message to the interface unit. Additionally or 
alternatively, the sensor unit 12 may transmit the indication to 
the interface unit 14 at fixed intervals, e.g. every 6 hours. The 
sensor unit may also transmit the indication to the interface 
unit 14 in response to a request from the interface unit 14. In 
one embodiment, the message may include the sensed 
amount of rain fall, sensed temperature, battery strength, 
signal strength and/or other data available at the sensor unit. 
0150. In step 3116, the interface unit 14 receives the signal 
containing the data from the sensor unit. In step 3118, the 
signal is processed to obtain the indication of data from the 
sensor unit, such as amount of rain or precipitation, and/or 
temperature. Next, in step 3120 the interface unit 14 deter 
mines whether a relationship exists between the indications 
and a threshold and/or other criteria. If in step 3120 the 
interface unit 14 determines that the relationship exists, then 
in step 3122 the interface unit generates an interrupt com 
mand to cause irrigation executed by an irrigation controller 
to be interrupted. Alternatively, when the interface unit 14 
determines that the relationship does not exist, the interface 
unit 14 does not take any actions and returns to step 3116. 
Thus, in this way, the interface unit allows or permits irriga 
tion executed by the irrigation controller to occur. In some 
embodiments, steps 3118 and 3120 may be generically be 
referred to as the step of determining, based at least on the 
indication from the signal, whether irrigation should be inter 
rupted. 
0151. The interface unit 14 typically is mounted on a wall 
near to, and wired to, an irrigation controller 30. The interface 
unit may include methods for outdoor and/or indoor mount 
ing. For example, a mounting plate may be provided to be 
secured into position with one or more screws. The interface 
unit 14 then slips and/or otherwise is connected onto the 
mounting plate. Further, the interface unit 14 typically 
includes a housing. The housing may be made of plastic and 
may include means to secure the device to a wall without the 
mounting plate (e.g., a pair of keyhole slots). The housing 
may be made of polymetric material. It is desired that if the 
external housing is of a polymetric material, it meets UL 
standards for flammability, UL 94-5V or better, UV resis 
tance, water absorption, and other applicable UL safety stan 
dards. The housing is set up for outdoor/indoor mounting. 
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0152. An installation mode is activated in the interface 
unit 14 that the sensor unit 12 unit responds to by displaying 
the signal strength received from the interface unit. The sen 
sor unit 12 may be mounted with one or more attached brack 
ets in a location that indicates good signal and that catches 
direct rainfall. The mounting bracket employed by the sensor 
unit 12 is designed so that a minimum number of tools are 
needed for installation. The material employed for this 
bracket is light in weight and resistant to corrosion from water 
and Sunlight. 
0153. After installation a simple signal test may be per 
formed to verify communication is working properly 
between the sensor unit 12 and the interface unit 14. In some 
embodiments, the sensor unit 12 has batteries that last for 5 
years or more under the following conditions: one (1) 
“TEST mode activation per year for the duration of five 
minutes and a total often (10) one-second transmissions per 
day at a power level of +10 dBm. According to many imple 
mentations, the system does not require end-user calibration. 
Normal maintenance consists of debris removal, elimination 
of plant encroachment, and periodic battery replacement. 
0154 The rain sensor unit 10 is used in conjunction with 
24VAC irrigation controllers 30 to conserve water usage by 
automatically preventing the irrigation controller from irri 
gating once the rainfall reaches a pre-set level. 
0.155. In some embodiments, the interface unit 14 operates 
by receiving periodic communication from the sensor unit 
and processing the data received to decide whether or not to 
irrigate based on internal rules including, for example, past 
history, rate of rainfall, thresholds, and/or other criteria. Addi 
tionally or alternatively, in some embodiments, the interface 
unit 14 may operate by interrogating the sensor unit 12 and 
then deciding to water or not water based on internal rules 
including past history. In some situations, for example, the 
sensor unit 12 will show dry conditions and the interface unit 
14 will not allow watering due to recent rainfall. Watering 
may be prevented by breaking the continuity of the common 
circuit or connecting to the sensor input of the irrigation 
system, which prevents the Solenoid valves of the irrigation 
system from operating. 
0156. In some embodiments, the system operates in either 
the 868 MHz or 91.5 MHZ license-free ISMbands. It is under 
stood other embodiments will operate in other frequency 
bands, for example, some embodiments operate at 2.4 GHz 
and others operate in the 400 MHz. ISM band. The system 
operates reliably at a straight-line distance of 300 feet or more 
with the sensor unit 12 installed ten feet above the ground and 
the interface unit 14 installed five feet above the ground. 
0157. In one example implementation of the rain sensor 
device or system 10, communications reliability is defined as 
a message reception rate of 99% or more between the sensor 
unit 12 and the interface unit 14 while the system is situated 
in a residential environment with buildings, trees and other 
obstructions. This 99% reliability performance metric is with 
respect to an environment where Rayleigh fading is present, 
having a link budget fading margin of 20 dB. 
0158. In the 915 MHz band the received signal strength 
profile that is used to approximate the propagation environ 
ment over communication distances less than the breakpoint 
distance is graphically illustrated in FIG. 20, with the break 
point distance defined as 
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where his the transmitter height above ground, his the 
receiver height above ground, and w is wavelength. For the 
868 MHz band, the received signal strength profile used is 
graphically illustrated in FIG. 21. 
0159. The sensor unit 12 and interface unit 14 may each 
employ a low-cost, single chip radio transceiver device that is 
capable of operating across the 868 MHz and/or 915 MHz 
ISM bands without requiring tuning or component changes. 
The transceiver devices 316, 412 are capable of generating 
either direct sequence or frequency hopping spread spectrum 
signals. In some embodiments, it is desired that the trans 
ceiver device meets UL 1950 safety standard and CSAC22.2. 
In one embodiment, the devices may have a maximum trans 
mitted power level of 10 milliwatts (+10 dBm) or more into a 
50S2 resistive load. The frequency of operation and transmit 
ted power level are adjustable through firmware. The device is 
capable of achieving compliance with all applicable FCC 
regulations for unintentional and intentional radiators in the 
868 MHz and/or 915 MHz bands. In some embodiments, the 
transceiver 412 may be implemented as a single-chip trans 
ceiver 412 employed on the sensor unit 12 providing an 
analog and/or digital Received Signal Strength Indicator 
(RSSI) output signal. In one embodiment where the RSSI 
output is an analog signal, it is provided to one channel of the 
microcontroller's ADC. 

0160. In many embodiments, the sensor unit 12 operates 
from a high capacity lithium-ion battery. It may employ 
power conservation techniques to provide a battery lifetime 
of five years or more while meeting its other functional oper 
ating capabilities. A Voltage sensing or other battery monitor 
circuit Such as battery Voltage sensor 320 is employed, in 
Some embodiments, to measure the battery Voltage while it is 
under load. According to some implementations, the output 
Voltage signal of this monitor circuit is provided to one chan 
nel of the microcontroller's ADC 326. 

0161 In some embodiments, the sensor unit 12 may 
include an adjustable cap/collector, and a micro sensor on the 
PWB protected by a waterproof seal that measures rainfall 
total. 

0162 According to Some implementations, the sensor unit 
12 utilizes a low-cost 8-bit microcontroller 312 that has suf 
ficient computational power and speed to Support the func 
tional capabilities of the unit. It is equipped with one or more 
very low power “sleep” modes capable of being terminated by 
externally and/or internally-generated interrupt events. The 
microcontroller or microprocessor may employ a quartz crys 
tal for generation of an internal clock signal. 
0163. In some embodiments, the microcontroller 312 
additionally employs FLASH memory for storage of execut 
able firmware, and is capable of being programmed “in-sys 
tem'. An in-system programming port may be available on 
the printed circuit board for accomplishing the programming 
process during final assembly. The in-system programming 
port may be accessible via Surface pads (through the use of 
"pogo' pins on an ICT fixture). A programming header may 
also be available on the printed circuit board to permit repro 
gramming the microcontroller during firmware development. 
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In some implementations, Circuitboards may be designed for 
ease of testability Such as using automated test fixture equip 
ment. 

0164. Additionally the microcontroller may include on 
chip EEPROM for non-volatile storage of miscellaneous data 
for Support of its functional capabilities, according to some 
embodiments. On-chip RAM may also be present in suffi 
cient quantity for the microcontroller's functional capabili 
ties. The microcontroller may also include an on-chip ADC 
326 with 8-bit resolution or greater. In this and/or other imple 
mentations, the ADC 326 contains four or more input chan 
nels. 

0.165. In some embodiments, the sensor unit 12 includes a 
rain sensor 318 employing hygroscopic material Suitable for 
the detection of precipitation. This material typically has a 
useful lifetime around that of the power source 324, about five 
years or more. Upon exposure to precipitation, expansion of 
the hygroscopic material causes a change in a variable. This 
change in variable or a value derived from the change in the 
variable is provided to one channel of the microcontroller's 
ADC 326. 

0166 The hygroscopic material and the mechanical struc 
tures designed to contain it and translate its expansion to a 
linear displacement are calibrated, in Some embodiments. 
This calibration establishes the ability of the structure to 
detect between about /s and 34 inches of precipitation with a 
repeatability of +20% or better. Unit-to-unit variations in the 
detection of identical amounts of precipitation are +20% or 
less. 
(0167. In one embodiment, in order to detect ambient tem 
perature, the sensor unit 12 may also employ a temperature 
sensitive device 322 Such as a thermistor, temperature-depen 
dent current Source, and/or other Such device. For example, a 
“direct digital temperature sensor may be employed as the 
temperature sensor 322. According to some embodiments, 
the temperature-sensitive device 322 is capable of detecting 
an ambient temperature of 37 F. with a tolerance of +5% or 
better. In some embodiments, the output signal from the tem 
perature-sensitive device is provided to one channel of the 
microcontroller's ADC. 
(0168. In one or more embodiments, the sensor unit 12 is 
also equipped with a light indicator, such as a bi-color LED 
capable of illumination in red or green. The LED is visible 
through a clear window in the unit's plastic enclosure to 
eliminate the need to create a penetration through the plastic. 
The enclosure of the sensor unit 12 may also include a mount 
ing bracket for outdoor mounting of the sensor unit. 
0169. In some embodiments, when the battery 324 is 
inserted into the sensor unit 12, the unit powers up and enters 
“INITIALIZATION operational mode. During the initial 
ization mode the sensor may receive a signal from the inter 
face unit 14 to establish a wireless and/or wired communica 
tion path between the interface unit 14 and the sensor unit 12. 
Alternatively, the sensor unit may initiate a message to one or 
more interface units 14 and start the initialization process. 
Once the sensor unit 12 receives the set up signal from the 
interface unit it will send back an acknowledge signal. In one 
or more embodiments, the acknowledgment signal comprises 
identification information and/or other local information. The 
interface unit 14 then receives the acknowledgment message. 
In one embodiment, the interface unit 14 extracts the ID 
information and/or other information from the signal and may 
store the data onto memory 418. According to some imple 
mentations, the interface unit 14 may use the data from the 
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setup acknowledge signal in the future to validate communi 
cation from the sensor unit to ensue that it only responds to 
communication from the sensor units it is paired up with. 
Similarly, in Some embodiments the setup signal may com 
prise ID information about the interface unit 14 which the 
sensor unit may retrieve and store in memory 314, for 
example for future validation of signals from the interface 
unit. After processing the acknowledgment signal at the inter 
face unit 14 the sensor unit 12 and the interface unit 14 are 
paired up and may communicate through the wireless and/or 
wired path 15. In some embodiments, before sending an 
acknowledgment message the sensor unit 12 will determine if 
certain criteria are met. For example in one embodiment, the 
sensor unit 12 may determine whether there is user input at 
the sensor unit and will only transmit the acknowledge mes 
sage when user input is present at the sensor unit. For 
example, the sensor unit may check to see if the plunger on the 
rain sensor unit is fully depressed. 
0170 Additionally or alternatively, during this mode, the 
microcontroller 312 may complete firmware initializations in 
order to set the unit up for operation. In one embodiments, 
once firmware initializations are completed, the microcon 
troller 312 reads the battery voltage under full load (with the 
exception of the radio transmitter 316). If the battery voltage 
is above a minimum voltage for proper operation in “NOR 
MAL mode, the sensor unit 12 transmits a signal, i.e. a 
BATTERY OK message, to the interface unit 14. This signal 
may be transmitted at a defined power and/or transmitted 
utilizing the maximum transmitter power available. The inter 
face unit 14 may respond to receipt of this message by send 
ing an acknowledgement signal, i.e., a BATTERY OK AC 
KNOWLEDGE message back to the sensor unit 12. Upon 
receipt of this message, the sensor unit 12 enters a sleep or 
“NORMAL operational mode. 
0171 Alternatively, if the measured battery voltage is 
below the minimum allowable voltage for proper operation in 
“NORMAL mode, the unit transmits a low battery warning, 
e.g., a LOW BATTERY WARNING message, to the inter 
face unit 14. This message is transmitted at a defined power 
and/or utilizing the maximum transmitter power available. 
The interface unit 14 responds to receipt of this message by 
sending an acknowledgment, e.g., a LOW BATTERY AC 
KNOWLEDGE message, back to the sensor unit 12. Upon 
receipt of this message, the sensor unit 12 enters “LOW 
BATTERY” operational mode. 
(0172. In some embodiments, during “INITIALIZATION” 
mode the bi-color LED will illuminate in both red and green 
for a period of one second. This provides a visual indication to 
the user that the unit has powered up and is operating. In other 
embodiments the light indicator may blink a number of times 
displaying the signal and/or connection strength between the 
sensor unit 12 and the interface unit 14. 

0173. In some embodiments, while the sensor unit 12 is in 
“NORMAL mode, the microcontroller 312 brings itself out 
of its low-power mode periodically to query the sensors and/ 
or other peripheral devices. In one or more embodiments, the 
microcontroller 312 will process the data to determine if there 
has been any change in the data obtained from the sensors 
and/or other devices, e.g., a change in temperature, change in 
the amount of rain, etc. When the controller determines that a 
change has occurred, it will initiate a transmission to the 
interface unit 14. Additionally or alternatively, in some 
embodiments, the sensor unit 12 will initiate a transmission to 
the interface periodically, at fixed intervals, sending the data 
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received from the sensors. In this embodiment, the data may 
be queried from the sensors at the time of the transmission or 
may be retrieved from memory 314. In an alternative embodi 
ment, while in “NORMAL mode, the sensor unit 12 typi 
cally will not initiate a radio transmission to the interface unit 
14. The sensor unit 12 will minimize its power consumption 
to maximize its battery life, and will place its radio receiver 
device into a “quasi-sleep” mode. In this embodiment, while 
in “quasi-sleep” mode, the radio receiver is capable of detect 
ing the presence of an incoming message but may accomplish 
this without the need to apply full power to all receiver cir 
cuitry. In one or more embodiments, during normal mode the 
bi-color LED may be extinguished. 
0.174. At intervals, for example of approximately once per 
day, the microcontroller 312 brings itself out of its normal or 
sleep mode and activate one or more and typically all periph 
eral systems on the unit (with the exception of the radio 
transmitter 316). Once all peripherals have been activated, the 
microcontroller 312 performs a measurement of the full-load 
battery Voltage. The resulting measurement, at least in some 
embodiments, is stored in memory 314 and/or transmitted to 
the interface unit 14. Additionally or alternatively, the result 
ing measurement may be compared with a non-volatile con 
stant stored in memory 314, i.e., EEPROM, to determine if 
the battery is nearing the end of its useful life. In order to 
accurately make this determination, the microcontroller may 
also make a measurement of the ambient temperature to cali 
brate the measured battery voltage. In some embodiments, if 
the full-load battery voltage is below the minimum allowable 
Voltage (end of battery life is approaching), the microcontrol 
ler may switch the system into “LOW BATTERY” mode. 
(0175 While in “Normal” mode the sensor unit 12 may 
respond to a number of messages from the interface unit 14. 
For example, the sensor unit 12 responds to a SENSOR 
STATUS REQUEST message from the interface unit 14. 
Upon receipt of a SENSOR STATUS REQUEST message, 
the microcontroller initiates a measurement of the hygro 
scopic material displacement, ambient temperature, and full 
load battery voltage. After these measurements have been 
completed, the sensor unit 12 constructs a message packet 
containing the results of the measurements. It also includes in 
the message packet the RSSI value observed during the 
receipt of the SENSOR STATUS REQUEST message. The 
entire message packet is transmitted to the interface unit 14 in 
the form of a SENSOR STATUS message. 
0176 The sensor unit 12 may also respond to a LINK 
QUALITY REQUEST message from the interface unit 14. A 
LINK QUALITY REQUEST message instructs the sensor 
unit 12 to transmit a LINK QUALITY message back to the 
interface unit 14 at the power level specified in the payload of 
the LINK QUALITY REQUEST. The LINK QUALITY 
message contains data packets that indicate the requested 
power level for the transmission and the RSSI value observed 
during the receipt of the LINK QUALITY REQUEST mes 
Sage. 

0177 Additionally, the sensor unit 12 responds to a 
TX POWER ASSIGN message from the interface unit 14. A 
TX POWER ASSIGN message instructs the sensor unit 12 
to utilize a specific power level for future transmissions (with 
the exception of a LINK QUALITY, where the transmit 
power is assigned by a LINK QUALITY REQUEST). The 
sensor unit 12 responds with a TX POWER ACKNOWL 
EDGE message that contains a packet indicating the assigned 
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transmit power and the RSSI value observed during the 
receipt of the TX POWER ASSIGN message. 
(0178. The sensor unit 12 responds to a VERSION RE 
QUEST message from the interface unit 14. A VERSION 
REQUEST message instructs the sensor unit 12 to transmit a 
VERSION message containing the unit's unique ID number, 
the version number of the firmware stored in its FLASH 
memory, and the RSSI value observed during the receipt of 
the VERSION REQUEST message. 
0179. In some embodiments, in “LOW BATTERY” 
operational mode the sensor unit 12 may notify the interface 
unit 14 that it has detected a low battery condition. It may also 
attempt to reduce power consumption by eliminating or 
reducing the frequency of performing non-essential func 
tions. During the “LOW BATTERY” mode the bi-color LED 
will be extinguished at all times. 
0180. In one or more embodiments, when a low battery 
condition is detected, the sensor unit 12 initiates a LOW 
BATTERY WARNING message to the interface unit 14. In 
some embodiments, the power level used for this transmis 
sion is the power that was last assigned by the interface unit 
14, e.g., through a TX POWER ASSIGN message. In one 
implementation, the LOW BATTERY WARNING message 
instructs the interface unit 14 to transmit an acknowledgment, 
e.g., a LOW BATTERY ACKNOWLEDGE message, indi 
cating that the LOW BATTERY WARNING was correctly 
received. In one embodiment, in the event that the sensor unit 
12 does not receive a LOW BATTERY ACKNOWLEDGE 
message, it may increase the transmitter power and resend the 
LOW BATTERY WARNING message. In some embodi 
ments, the transmitter power may be increased with each 
Subsequent attempt to contact the interface unit 14 until an 
acknowledgment, e.g., a LOW BATTERY ACKNOWL 
EDGE message, is received. 
0181. In one or more embodiments, once an acknowledg 
ment has been received the sensor unit 12 may reduce the 
number of periodic updates it sends to the interface units. 
Additionally, or alternatively, the sensor unit 12 may also 
reduce the number of times it wakes up to query the sensors, 
and/or other peripheral devices. Alternatively, once an 
acknowledge message has been received the sensor unit 12 
may not initiate further transmissions, but only acknowledges 
messages received from the interface unit 14. 
0182 FIG. 26 illustrates one possible implementation of 
the “TEST operational mode utilized during the installation 
of the sensor unit 12. This process provides the installer with 
a quick and simple-to-understand process for determining 
that the sensor unit 12 is installed at a location with adequate 
radio reception from the interface unit 14. In some embodi 
ments, the “TEST operational mode is initiated by the inter 
face unit 14 in response to a “Press and Hold' actuation of the 
button 820 on the interface unit 14. Still further, in some 
implementations the “TEST operational mode terminates 
automatically after a set period of time, e.g., 15 minutes. 
0183. Further, according to some implementations, the 
“TEST operational mode consists of an exchange of radio 
messages between the sensor unit 12 and the interface unit 14 
to determine whether or not the sensor unit 12 is positioned at 
a satisfactory location. Moreover, in Some implementations, 
the test operational mode allows the installer to determine the 
best possible location for the sensor unit 12 relative to the 
interface unit 14 before the sensor unit 12 is fixed at a loca 
tion. In one or more embodiments, a location may be deemed 
satisfactory if the following conditions are satisfied: 
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0184. Where RSSIs is the RSSI value of the RF 
signal transmitted from the interface unit 14 as received at the 
sensor unit 12. RSSIssory is the minimum allowable 
value of RSSIss to achieve communication reliability for 
the system. RSSI is the RSSI value of the RF signal 
transmitted from the sensor unit 12 as received at the interface 
unit 14. RSSIMy is the minimum allowable value 
of RSSIver to achieve communication reliability for 
the System. Passo is the transmitter power employed by 
the sensor unit 12. Pryory is the maximum transmitter 
power allowed for the sensor unit 12 to utilize for operations 
under normal operating conditions. In some embodiments, 
the power level may typically be at least 6.0 dB below the 
maximum output power achievable by the transmitter, and 
may be selected to achieve the overall battery lifetime of the 
sensor unit 12 is adequate. 
0185. According to some implementations, While in the 
“TEST operational mode, the “TEST operational mode 
flag in the FLAGS field of all message payloads may be SET. 
0186 Still referring to FIG. 26, in step 2610 the message 
transactions are initiated by the interface unit 14 at two 
second intervals, and culminate in the determination of the 
optimal location to install the sensor unit and/or to determine 
the minimum transmitter power for the sensor unit 12 to 
communicate with the interface unit 14 to achieve the desired 
system reliability. In step 2612 the interface unit sends a test 
message to the sensor unit. Next, in step 2614 the sensor unit 
receives the signal and determines and responds with an 
acknowledgment message. In one or more implementations, 
the sensor unit then moves to step 2616 where it determines 
the signal strength of the test message and displays the signal 
strength (e.g., as a number of blinks of the light emitting 
diode). In some embodiments, as the location of the sensor 
unit 12 is changed by the installer and the sensor unit 12 
automatically determines and displays the test acknowledge 
signal strength. According to some implementations, the sig 
nal strength is automatically updated by the sensor unit 12 
with each two-second “TEST operational mode message 
exchange. In one embodiment, the sensor unit 12 displays the 
signal strength through an indicator, e.g., an LED, where, for 
example, the indicator blinks a number of times representing 
the signal strength at a particular location. Alternatively, or 
additionally the indicator may be an LCD display that dis 
plays the signal strength. The installer may then change the 
location of the sensor unit 12 and by observing the signal 
strength in different areas may determine a location to install 
the sensor unit 12. Alternatively, in some embodiments, when 
the location of the sensor unit is determined to be adequate 
based on the decision criteria, a bi-color LED may be illumi 
nated green. If the location is determined to be inadequate, the 
bi-color LED may be illuminated red. In one embodiment, the 
status of the bi-color LED is updated with each two-second 
“TEST operational mode message exchange. In some 
embodiments, this initialization process continues for a pre 
set period, e.g., 15 minutes where the interface unit and the 
sensor unit exchange messages to allow the user to find the 
optimal location for the sensor unit interms of signal strength. 
0187. In some embodiments, the TEST message may be 
identical in form to the LINK QUALITY REQUEST mes 
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sage with the exception that the “TEST operational mode 
flag in the FLAGS field of the message payload may be SET. 
According to some implementations, the sensor unit 12 
responds with a TEST ACKNOWLEDGE message. This 
message may be identical in form to the LINK QUALITY 
ACKNOWLEDGE message with the exception that the 
“TEST operational mode flag in the FLAGS field of the 
message payload is SET. 
0188 In one implementation, in step 2620 the interface 
unit 14 decodes the message to obtain the value of RSSI 
FACE. In step 2622 the interface unit determines if 
RSSIseysoreRSSIs evsorry. If the condition is satisfied, in 
step 2624 the interface unit checks to see whether the last 
message sent was a TX POWER INCREASE message. If 
the last message received was not a TX POWER IN 
CREASE message, in step 2626 the interface unit 14 issues a 
TX POWER DECREASE message to the sensor unit 12. In 
step 2632 the sensor unit determines whether it is at the 
minimum TX power necessary for proper functioning, in step 
2634 the sensor unit send a TX LEAST POWER message to 
the interface unit. In response to this message, in step 2636, 
the interface unit issues a TX LEAST POWER AC 
KNOWLEDGEMENT message to the sensor unit 12. Alter 
natively, when in step 2632 the sensor unit is not at the 
minimum TX power, then in step 2638 the sensor unit 12 
decreases its transmittal power by the smallest possible 
amount and replies with a TX POWER DECREASE AC 
KNOWLEDGE message. 
(0189 Returning to step 2624, if the last message sent by 
the interface unit was a TX POWER INCREASE message, 
in step 2644 the interface unit then issues a TX MINIMUM 
POWER message to the sensor unit 12 notifying it of the 
transmitterpowerfor use in future transmissions. In step 2646 
sensor unit decodes the message and obtains the RSSIss 
value. In step 2648 the sensor responds with a TX MINI 
MUM POWER ACKNOWLEDGE message. 
0190. If alternatively in step 2622 
RSSIMEricsRSSIAzerracery has been Satisfied, in 
step 2628, the interface unit 14 issues a TX POWER IN 
CREASE message to the sensor unit 12 notifying it to 
increase its transmitter power by the smallest possible 
amount. In response to the TX POWER INCREASE mes 
sage, in step 2652 the sensor unit determines if it is at the 
maximum TX power it is capable of producing. If the sensor 
unit is not at the maximum TX power, then in step 2658 the 
sensor unit 12 increases the transmitter power by the smallest 
allowable increment and initiates a TX POWER IN 
CREASE ACKNOWLEDGE message to the interface unit 
14. Alternatively, if the sensor unit 12 is already set to transmit 
the maximum power it is capable of producing, the process 
continues to step 2654 where the sensor unit initiates a 
TX MOST POWER message to the interface unit 14 indi 
cating that it may no longer increase its transmit power. In 
response to this message, in step 2656 the interface unit issues 
a TX MOST POWER ACKNOWLEDGE message to the 
sensor unit 12. 

0191 In one embodiment, after the initializations are 
complete the sensor unit 12 may query all of the sensors 
and/or other peripheral devices and construct a data packet 
comprising atmospheric data, battery strength, signal 
strength, and/or other data and forward the data packet to the 
interface unit 14. 
(0192 An alternative implementation of “TEST opera 
tional mode is illustrated in FIG.22. The “TEST operational 
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mode is utilized during the installation of the sensor unit 12 to 
provide the installer with a quick and simple-to-understand 
process for determining that the sensor unit 12 is installed at 
a location with adequate radio reception from the interface 
unit 14. Further, the “TEST operational mode is initiated by 
the interface unit 14 in response to a “Press and Hold' actua 
tion of the button 820 on the interface unit 14. Still further, the 
“TEST operational mode terminates automatically after a 
period of five minutes. 
(0193 Additionally, the “TEST operational mode con 
sists of an exchange of radio messages between the sensor 
unit 12 and the interface unit 14 to determine whether or not 
the sensor unit 12 is positioned at a satisfactory location. A 
location is deemed to be satisfactory if the following condi 
tions are satisfied: 
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(0194 Where RSSIs is the RSSI value of the RF 
signal transmitted from the interface unit 14 as received at the 
sensor unit 12. RSSIssory is the minimum allowable 
value of RSSIss to achieve communication reliability for 
the system. RSSI is the RSSI value of the RF signal 
transmitted from the sensor unit 12 as received at the interface 
unit 14. RSSIMy is the minimum allowable value 
of RSSIver to achieve communication reliability for 
the System. Pass is the transmitter power employed by 
the sensor unit 12. Pryory is the maximum transmitter 
power allowed for the sensor unit 12 to utilize for operations 
under normal operating conditions. This power level is typi 
cally at least 6.0 dB below the maximum output power 
achievable by the transmitter, and is selected to achieve the 
overall battery lifetime of the sensor unit 12 is adequate. 
(0195 While in the “TEST operational mode, the “TEST 
operational mode flag in the FLAGS field of all message 
payloads will be SET. 
(0196. Still referring to FIG. 22, in step 2210 the message 
transactions are initiated by the interface unit 14 at two 
second intervals, and culminate in the determination of the 
minimum transmitter powerfor the sensor unit 12 to commu 
nicate with the interface unit 14 to achieve the desired system 
reliability. If the location of the sensor unit 12 is determined 
to be adequate based on the decision criteria, the bi-color 
LED is illuminated green. If the location is determined to be 
inadequate, the bi-color LED is illuminated red. The status of 
the bi-color LED is updated with each two-second “TEST 
operational mode message exchange. 
(0197). In step 2212 the interface unit sends a TEST mes 
sage to the sensor unit 12. In step 2214 the sensor unit 12 
responds to the TEST message from the interface unit 14. The 
TEST message may be identical inform to the LINK QUAL 
ITY REQUEST message with the exception that the “TEST 
operational mode flag in the FLAGS field of the message 
payload is SET. The sensor unit 12 responds with a TEST 
ACKNOWLEDGE message. This message may be identical 
in form to the LINK QUALITY ACKNOWLEDGE mes 
sage with the exception that the “TEST operational mode 
flag in the FLAGS field of the message payload is SET. 
0.198. In step 2216 the interface unit 14 decodes the mes 
Sage to obtain the Value of RSSIM. In step 2218 the 
interface unit determines if RSSIsrysoreRSSIs evsoruv. If 
the condition is satisfied, in step 2220 the interface unit 
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checks to see whether the last message sent was a TX POW 
ER INCREASE message. If the last message received was 
not a TX POWER INCREASE message, in step 2222 the 
interface unit 14 issues a TX POWER DECREASE mes 
sage to the sensor unit 12. In step 2224 the sensor unit deter 
mines whether it is at the minimum TX power necessary for 
proper functioning, in step 2228 the sensor unit send a 
TX LEAST POWER message to the interface unit. In 
response to this message, in step 2230, the interface unit 
issues a TX LEAST POWER ACKNOWLEDGEMENT 
message to the sensor unit 12. Following receipt of the mes 
sage the sensor unit continues to step 2250. Alternatively, 
when in step 2224 the sensor unit is not at the minimum TX 
power, then in step 2226 the sensor unit 12 decreases its 
transmittal power by the Smallest possible amount and replies 
with a TX POWER DECREASE ACKNOWLEDGE mes 
Sage. 

0199 Returning to step 2220, if the last message sent by 
the interface unit was a TX POWER INCREASE message, 
in step 2244 the interface unit then issues a TX MINIMUM 
POWER message to the sensor unit 12 notifying it of the 
transmitterpowerfor use in future transmissions. In step 2246 
sensor unit decodes the message and obtains the RSSIss 
value. In step 2248 the sensor responds with a TX MINI 
MUM POWER ACKNOWLEDGE message. Following 
step 2248, in step 2250 the sensor unit determines if 
RSSIseysoreRSSIs evsorry. When the condition is satis 
fied, then in step 2256 the sensor unit determines whether 
Pryseysors Pravox. If this condition is Satisfied, then 
the sensor unit continues to step 2258 where the bi-color led 
is illuminated green, indicating that the sensor location is 
acceptable. Alternatively, if in step 2256 the sensor unit deter 
mines the Pryseysor-Pravory at then in Step 2252 the bi 
color led is illuminated in red indicating that the sensor loca 
tion is unacceptable. 
0200 Similarly, if in step 2250 the sensor unit determines 
that RSSIsrysorsRSSIseysorry process continues to step 
2252, where the bi-color led is illuminated in red indicating 
that the sensor location is unacceptable. 
0201 Following receipt of the message, in step 2216 the 
interface unit 14 decodes the message and obtains the value of 
RSSI. The interface unit then repeats steps 2218 
2226, aS described above, until 
RSSIMEricsRSSIAzerracery has been satisfied by the 
power decrease. If this condition has been satisfied, in step 
2232, the interface unit 14 issues a TX POWER IN 
CREASE message to the sensor unit 12 notifying it to 
increase its transmitter power by the smallest possible 
amount. In response to the TX POWER INCREASE mes 
sage, in step 2234 the sensor unit determines if it is at the 
maximum TX power it is capable of producing. If the sensor 
unit is not at the maximum TX power, then in step 2236 the 
sensor unit 12 increases the transmitter power by the smallest 
allowable increment and initiates a TX POWER IN 
CREASE ACKNOWLEDGE message to the interface unit 
14. Alternatively, if the sensor unit 12 is already set to transmit 
the maximum power it is capable of producing, the process 
continues to step 2238 where the sensor unit initiates a 
TX MOST POWER message to the interface unit 14 indi 
cating that it may no longer increase its transmit power. In 
response to this message, in step 2240 the interface unit issues 
a TX MOST POWER ACKNOWLEDGE message to the 
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sensor unit 12. Then in step 2252 the sensor unit causes the 
bi-color led to be illuminated in red indicating that the sensor 
location is unacceptable. 
0202 In one or more implementations the interface unit 14 
draws power from the main irrigation controller 30. The inter 
face unit 14 may operate from 22 to 30.8 VAC input voltage. 
Typically, the interface unit 14 operates by taking 24 VAC 
electrical power from its associated irrigation controller. 
Additionally or alternatively, the interface unit may comprise 
a power source. Such a battery, Solar power, and/or other Such 
source, where the interface unit draws some or all of its power 
from the power source. 
0203. In some embodiments, he interface unit 14 may be 
implemented utilizing a low-cost 8-bit microcontroller 414 
that has sufficient computational power and speed to Support 
all of the functional capabilities of the unit. In one embodi 
ment, the microcontroller 414 may employ a quartz crystal 
for generation of an internal clock signal. It may be desired 
that the same type of microcontroller be used in both the 
sensor unit 12 and the interface unit 14. 
0204 According to Some implementations, the microcon 
troller typically employs FLASH memory for storage of 
executable firmware, and is capable of being programmed 
“in-system'. For example, an in-system programming port 
may be available on the printed circuit board for accomplish 
ing the programming process during final assembly. The in 
system programming port may be accessible via Surface pads 
(through the use of "pogo' pins on an ICT fixture), in one or 
more embodiments. A programming header may also be 
available on the printed circuit board to permit reprogram 
ming the microcontroller during firmware development. In 
Some embodiments, the circuit board may be designed for 
ease of testability Such as using automated test fixture equip 
ment. In this embodiment, standard Solder connections with 
conformal coating are used for the circuit board. 
0205. In some implementations, the microcontroller 414 
may also include on-chip EEPROM for non-volatile storage 
of miscellaneous data required for Support of all functional 
capabilities. On-chip RAM is also typically present in suffi 
cient quantity for all functional capabilities, according to 
Some embodiments. 
0206. In some embodiments, the interface unit employs a 
single-chip transceiver 412 which provides an analog or digi 
tal Received Signal Strength Indicator (RSSI) output signal. 
In one embodiment, where the RSSI output is an analog 
signal, it may be provided to one channel of the microcon 
troller's ADC. 
0207. The interface unit 14, according to some implemen 
tations, may also be equipped with a backlit LCD 816. The 
display may be capable of displaying alphanumeric charac 
ters with 11-segment LCD digits. A sufficient number of LCD 
digits are provided to display at least the following messages: 
0208 a) BATT OK 
(0209 b) BATT LOW 
0210 c) BYPASS 
0211 d) NORMAL 
0212 e) INHIBIT 
0213 f) FREEZE 
0214 g) TEST 
0215 h) NO SIGNAL 
0216) i) NO SENSOR 
0217 i) NOISE 
0218. Additionally, or alternatively the interface unit may 
be capable of displaying the mode and or status of the system 
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through other means. For example, in one embodiment the 
user display 426 comprises a graphic display capable of dis 
playing the mode of operation or status of the system. For 
example, in one embodiment, the display 426 may display the 
status of the system using graphical symbols displayed on the 
graphic display of the interface unit 14. 
0219. In some implementations, the interface unit 14 
employs a “normally closed’ relay device to permit breaking 
the COMMON return line connection between the sprinkler 
valve solenoids and the irrigation controller 30. In one or 
more embodiments, this relay may be actuated by a Voltage 
that is compatible with the voltage output of one of the micro 
controller output pins. according to Some implementations, 
the maximum current rating of the relay contacts may be no 
less than 3.0 amperes. 
0220. In some embodiments, the interface unit 14 also 
employs a current sensing device 420 to allow detection of the 
current flow in the COMMON return line. In one embodi 
ment, when an irrigation cycle is commanded by the irriga 
tion Controller, current flows in the COMMON line. The 
current sensor may detect this signal, triggering the micro 
controller 414 to initiate a SENSOR STATUS REQUEST to 
the sensor unit 12. In one embodiment, when the SENSOR 
STATUS message returned by the sensor unit 12 indicates 
that irrigation should be inhibited, the current interruption 
relay 416 is OPEN, interrupting irrigation. 
0221) Additionally or alternatively, the interface unit 14 
may employ a Voltage sensing device 422, in one or more 
embodiments, to allow detection of the Voltage across the 
current interruption relay 416 in the COMMON return line. 
When irrigation is being commanded by the irrigation con 
troller 30 while the system 10 is commanding that irrigation 
be inhibited, the voltage sensor 422 may monitor the voltage 
across the relay contacts to determine when the irrigation 
cycle has terminated. Once the irrigation cycle has terminated 
the interface unit 14 will CLOSE the current interruption 
relay. 
0222. In some embodiments, the interface unit comprises 
a user input 424, wherein in one or more embodiments the 
user input allows the user to change the mode of operation of 
the interface unit and/or perform other adjustments in the 
operation of the interface unit 14. For example, in one 
embodiment, the interface unit 14 is equipped with a three 
position toggle Switch 814 to allow the user to configure the 
unit for the desired operation. The switch has a CENTER 
position in addition to a LEFT and a RIGHT position. Placing 
the switch into the CENTER position places the interface unit 
14 into NORMAL operational mode where irrigation is 
inhibited if sufficient precipitation has been detected by the 
sensor unit 12. Placing the switch into the LEFT position 
places the interface unit 14 into BYPASS mode, where irri 
gation will not be inhibited by the system. The RIGHT switch 
position is a spring-loaded “return to center, automatically 
releasing back to CENTER when the switch is no longer held 
in position. This spring-loaded position places the interface 
unit 14 unit into TEST operational mode. The interface unit 
may also include a way too override or shut-off the device. 
Alternatively, and or additionally, in one embodiment, the 
interface unit 14 is equipped with a touch screen comprising 
buttons that allow the user to switch the mode of operation. 
0223. In some embodiments, the interface unit 14 unit is 
equipped with a pushbutton switch 820 to allow the user to 
activate an LCD backlight for a period of five seconds. When 
the pushbutton is depressed, the LCD backlight is illumi 
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nated. The LCD backlight remains illuminated for a period of 
time, e.g., 5 seconds, after the pushbutton has been released. 
In one or more embodiments, when the toggle Switch on the 
interface unit 14 is set to the BYPASS position, the LCD 
display continuously displays the “BYPASS' message. 
0224. In many embodiments, the interface unit 14 incor 
porates a user-friendly method of adjusting the rainfall level 
desired by the user. For example, the interface unit 14 may be 
equipped with a linearly-adjustable slide switch 812 that 
allows the user to select the level of precipitation at which 
irrigation will be interrupted. In one or more embodiments, 
precipitation amounts between /8" and 3/4" are selectable in a 
continuous manner. 

0225. When power is first applied to the interface unit 14, 
the unit powers up and enters “INITIALIZATION’ opera 
tional mode. In some embodiments, during the initialization 
mode, the microcontroller 414 executes the initializations 
that need to be completed in order to set the unit up for 
operation. During the initialization mode the interface unit 
may also attempt to pair up with one or more sensor units 12, 
such as illustrated in the system diagram of FIG. 34. In one 
implementation, the interface unit will send a setup signal to 
one or more sensor units 12. Next, the interface unit may 
receive an acknowledgement signal from one or more sensor 
units 12 in response to the setup signal. In some embodi 
ments, the acknowledgment signal may comprise identifica 
tion and/or other information about the sensor unit. In some 
embodiments, the interface unit 14 may store the data in 
memory 418 and/or use the data to pair up with the sensor unit 
12. Once the setup is complete the interface unit and sensor 
unit 12 may communicate through the communication path 
15. In one embodiment, during “INITIALIZATION MODE” 
the LCD backlight may be continuously illuminated. 
0226. In one embodiment, after the initializations are 
complete the sensor unit 12 may query all of the sensors 
and/or other peripheral devices and construct a data packet 
comprising atmospheric data, battery strength, signal 
strength, and/or other data and forward the data packet to the 
interface unit 14. The interface unit 14, according to some 
implementations, may receive the data from the sensor unit 
12, and process the data and display information about the 
sensor unit on the user display 426. 
0227. Additionally or alternatively, in some embodiments, 
at the conclusion of the internal initializations, the microcon 
troller may retrieve from its memory 418, and more specifi 
cally the EEPROM, the identification number of the sensor 
unit 12 with which it is associated and transmit a SENSOR 
STATUS REQUEST message. Upon receipt of a SENSOR 
STATUS message from the sensor unit 12, the interface unit 
14 may process the message. In one embodiment, the inter 
face unit 14 may further display the appropriate sensor unit 12 
status message on the LCD display 426. 
0228. In one or embodiments, when no sensor unit is asso 
ciated with the interface unit 14, the user display 426 may 
display a “NO SENSOR' message and/or a similar message 
and or graphic display. In one embodiment, when the “NO 
SENSOR' message is displayed the LCD backlight flashes 
on and offat a 4-second rate (two seconds on, two second off). 
According to one implementation, at the conclusion of the 
“INITIALIZATION’ mode, the interface unit 14 enters 
“NORMAL mode. 

0229. In some embodiments, the interface unit 14 spends 
the majority of its time in the “NORMAL operation mode. In 
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“NORMAL mode, the LCD backlight is OFF unless illumi 
nated by the user by depressing the pushbutton, or by an event 
requiring its illumination. 
0230. In one or more embodiments, when the interface 
unit 14 is set to BYPASS, the current interruption relay is set 
to CLOSED. In one implementation, a “BYPASS' message 
may be continuously displayed on the LCD. In this or other 
implementations. The LCD backlight may be OFF. 
0231. In some embodiments, during “NORMAL mode, 
the interface unit 14 will continually monitor the open-circuit 
Voltage across the current interruption relay to detect when 
irrigation is being commanded from the irrigation controller 
30. In this embodiment, when 24 VAC is detected across the 
current interruption relay, the interface unit 14 initiates a 
SENSOR STATUS REQUEST to its associated sensor unit 
12. If the SENSOR STATUS reply message received from 
the sensor unit 12 indicates that irrigation should be inhibited, 
the current interruption relay is OPENED. Once the relay has 
been OPENED, the interface unit 14 may monitor the current 
flow in the COMMON return line to detect when irrigation 
has ceased, at which time the current interruption relay is set 
to CLOSE. Alternatively, if the SENSOR STATUS reply 
message received from the sensor unit 12 indicates that irri 
gation should be permitted, the current interruption relay 
remains in its default CLOSED state. In some embodiments, 
while in normal mode, the current interruption relay is nor 
mally CLOSED, unless the SENSOR STATUS reply mes 
sage received from the sensor unit 12 indicates that irrigation 
should be inhibited. In these embodiments if system failure 
occurs at any time the relay is in its default CLOSED state. 
0232 Alternatively, in some embodiments, the interface 
unit will open and close the relay based on transmission of 
signals initiated from the sensor unit. In one embodiment the 
sensor unit 12 will initiate an update message to the interface 
unit when it senses a change in one or more of the data 
retrieved from sensors and/or other peripheral devices. Addi 
tionally or alternatively, the sensor unit may initiate commu 
nication with the interface unit 14, in Some embodiments, at 
fixed intervals, e.g., 4 times a day, when it may query one or 
more sensors and/or other devices and send an update signal 
to the interface unit 14. In one or more embodiments the 
frequency of transmission of periodic updates based on inter 
nal and/or external criteria. For example, in one embodiment 
the sensor unit 12 may decrease the number of updates it will 
send the interface unit 12 during the Low Battery mode. 
Additionally or alternatively, the sensor unit may also reduce 
the number of updates it transmits to the interface unit 14 
during low temperature or hibernation mode. In some 
embodiments, in addition to these messages the sensor unit 
may also send a message to the interface unit when it receives 
a request for data from the interface unit 14. 
0233. In one embodiment, after the SENSOR STATUS 
message, or an update message is received from the sensor 
unit 12, the interface unit 14 may continuously displays the 
appropriate system status message on the user display 426. In 
one embodiment, for example: 
0234 a) when irrigation is currently enabled, the message 
“NORMAL is displayed 
0235 b) when irrigation is currently disabled because of 
precipitation, the message “INHIBIT is displayed 
0236 c) when irrigation is currently disabled because of 
low temperature, the message “FREEZE is displayed 
0237. In one implementation, while these messages are 
being displayed, the LCD backlight may be turned OFF. 
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0238 Alternatively, in another exemplary embodiment, 
the display may be a graphical display. In this and other 
embodiments, the interface unit may display the status and 
other data received from the sensor unit through a graphical 
representation. 
0239. In many embodiments, while in “NORMAL 
operational mode the interface unit 14 responds to a BAT 
TERY OK message from the sensor unit 12. Upon receipt of 
this message the interface unit 14 may send a BATTERY 
OK ACKNOWLEDGE message back to the sensor unit 12. 
In one embodiment, after transmitting this message, the mes 
sage “BATT OK' is displayed on the display for a certain 
period, e.g., five seconds. In an alternative embodiment, the 
interface unit may display the battery strength of the sensor 
unit 12 on the display 426. 
0240. The interface unit 14, in some embodiments, may 
also responds to a low battery warning message, e.g., a LOW 
BATTERY WARNING message, from the sensor unit 12. In 
one embodiment, the interface unit 14 may respond to receipt 
of this message by sending a LOW BATTERY AC 
KNOWLEDGE message back to the sensor unit 12. In one 
implementation, after this message is transmitted a low bat 
tery indication, e.g., a “BATT LOW message, is displayed 
continuously on the user display 426. Additionally, in some 
embodiments, the LCD backlight is flashed on and off at a 
4-second rate (two seconds on, two second off). In some 
embodiments, the other irrigation control functions at the 
interface unit 14 continue to operate normally. In one embodi 
ment, in order to indicate this, the low battery indication is 
displayed alternately with the status indication that is appro 
priate for the current state of the system (e.g., “NORMAL, 
“INHIBIT, “FREEZE, “BYPASS, etc.). 
0241. In some embodiments, at fixed intervals, e.g., 
approximately once per day, the interface unit 14 initiates a 
measurement of the communications link quality, for 
example by issuing a LINK QUALITY REQUEST mes 
sage to the sensor unit 12. Upon receipt of the response from 
the sensor unit 12, for example the LINK QUALITY AC 
KNOWLEDGE message, the interface unit 14 determines if 
the value of RSSIM. Satisfies the condition: 

RS SINTERFACE2RS SINTERFACEMIN. 

0242. In O embodiment, when 
RSSIMEricsRSSINTERecentry the interface unit 14 may 
send a power increase message, for example a TX POWER 
INCREASE message, to the sensor unit 12. In one embodi 
ment the sensor unit 12 may respond to the message by 
increasing its transmit power by the Smallest possible amount 
and reply, for example with a TX POWER INCREASE 
ACKNOWLEDGE message. Upon receipt of this message, 
in one or more implementations, the interface unit 14 may 
determine f the condition 
RSSIMErraceRSSIAzerraceauxhas been satisfied by the 
power increase. If this condition has been satisfied, the inter 
face unit 14 may issues a message, e.g., a TX MINIMUM 
POWER message, to the sensor unit 12 notifying it of the 
transmitter power to use for future transmissions. Alterna 
tively, when this condition is not satisfied, the interface unit 
14 may continue to issue power increase requests, e.g., 
TX POWER INCREASE messages, to the sensor unit 12 
until the condition is satisfied and/or a preset period of time 
has lapsed. In some embodiments, when the sensor unit 12 
reaches the maximum power that it may transmit during this 
process, it may send a message indicating that it has reached 
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it maximum power level, e.g., a TX MOST POWER mes 
sage, to the interface unit 14. In this case, the interface unit 14 
may respond with an acknowledgment message, e.g., a 
TX MOST POWER ACKNOWLEDGE message, and ter 
minate the power adjustment process. 
0243 Alternatively, according to some embodiments, 
When RSSIAzerraceRSSINTERACEarty, the interface unit 
may 14 issues a message to the sensor unit 12, requesting that 
the sensor unit 12 decrease its transmit power, e.g., a 
TX POWER DECREASE message. In one implementa 
tion, as a result of this message the sensor unit 12 may 
decrease its transmit power by the Smallest possible amount 
and may further reply with an acknowledgment message, for 
example a TX POWER DECREASE ACKNOWLEDGE 
message. Upon receipt of this message, the interface unit 14 
may determine f the condition 
RSSIverracesRSSINTERecentry has been satisfied by the 
power decrease, according to some implementations. In one 
embodiments, when this condition has been satisfied, the 
interface unit 14 may issue a request to the sensor unit 12 
notifying it to increase its transmitter power by the Smallest 
possible amount, e.g., TX POWER INCREASE message. 
The sensor unit 12 may respond to the request with an 
acknowledgement message, e.g., a TX POWER IN 
CREASE ACKNOWLEDGE message, and, in one or more 
embodiments, the interface unit 14 may verify that the con 
dition RSSINTERecreRSSINTERecentry is now satisfied. 
The interface unit 14 may then issue a message to the sensor 
unit 12 notifying it of the transmitter power to use for future 
transmissions, e.g., a TX MINIMUM POWER message. 
0244. In some embodiments, so long as the condition 
RSSIverracesRSSINTERecentry is not satisfied, the inter 
face unit 14 may continue to issue requests to the sensor unit 
12 notifying it to decrease its transmitter power, e.g., a 
TX POWER DECREASE messages, until the condition is 
satisfied. In one embodiment, once the sensor unit 12 reaches 
the minimum power that it may transmit during this process, 
it will send a message to the interface unit notifying it that it 
has reached its minimum power, e.g., a TX LEAST 
POWER message. In this or other embodiments, the interface 
unit 14 may respond with an acknowledgment, for example a 
TX LEAST POWER ACKNOWLEDGE message, and 
may further terminate the power adjustment process. 
0245. As described with respect to FIGS. 22 and 26, the 
“TEST mode may be used during the installation of the 
sensor unit 12 and provides a method for a single installer to 
easily determine whether or not the proposed location for the 
sensor unit 12 will result in satisfactory signal reception and 
communications reliability in one or more embodiments. In 
one implementations, the “TEST mode is initiated by 
switching the toggle switch to “TEST mode and holding it 
for a minimum of three seconds. In this embodiment, after 
this time requirement has been met, the interface unit 14 
continuously displays an indication, e.g., the message 
“TEST, on the user display 426. In one embodiments, the 
LCD backlight may be continuously illuminated while in 
“TEST mode. Additionally or alternatively, the test mode 
may be initiated through other forms of user input, e.g., acti 
Vating a test button, selecting the test option, etc. In one 
embodiment, the test mode may also be initiated by the inter 
face unit once the interface unit is powered up and paired with 
one or more sensor units. 

0246. After the test mode has been initiated, according to 
Some implementations, the interface unit 14 may initiate a 
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TEST message at intervals of no more frequently than, for 
example, two seconds. Alternative procedures followed 
throughout the “TEST mode are described in the flowchart 
depicted in FIGS. 22 and 26. In some embodiments, the 
“TEST mode may be terminated by the operator, for 
example by selecting and holding the toggle Switch in the 
“TEST position for a period, such as, a period of no less than 
two seconds, and/or automatically after a period of for 
example, fifteen minutes. 
0247. In many embodiments, message traffic between the 
interface unit 14 and sensor unit 12 typically occur in pairs, 
i.e., for every message that is sent, there is an acknowledge 
ment. 

0248. In one embodiment, in the event that the sender of an 
initial message does not receive an acknowledgement corre 
sponding to the message sent within a period of time (e.g., five 
seconds), the originator of the message may assume that the 
message was lost. In one embodiment, retransmission of the 
message may be attempted for a period (e.g., one minute). 
When the message may not be successfully transmitted and 
acknowledged within a period (e.g., one minute), in one or 
more embodiments, the sender of the message may assume 
either that the communications channel is Suffering from an 
unusually high level of interference or that a malfunction has 
occurred at the other end of the communications link. 
0249. In order to assess potential interference in the com 
munications channel, both the interface unit 14 and the sensor 
unit 12 may periodically monitor the RSSI values obtained 
from the receiver chip during periods where no message 
traffic is being passed, according to some embodiments. In 
one embodiment, these values may be noted and stored, e.g. 
in a histogram, so that a statistical archive of the distribution 
of noise levels at the sensor unit 12 and interface unit 14 
locations is available with which to assess the communica 
tions channel at any given time. In some implementations, 
when no message traffic is being passed, the interface unit 14 
may sample the RSSI value from its receiver chip at intervals 
of one minute. In one or more embodiments, the sensor unit 
12 may sample the RSSI value from its receiver chip at fixed 
intervals, e.g. one hour. 
(0250. In some embodiments, after a failure to receive a 
timely acknowledgement to a message that has been sent, the 
originator of the message may sample the RSSI value from its 
receiver chip and may further assess whether or not the 
sample obtained meets some criteria, for example whether the 
sample obtained lies within the bins of the histogram associ 
ated with the expected noise floor. In one implementation, 
when it is determined that an unusually high noise level is 
present, an attempt at a retransmission may be made at the 
maximum possible transmitter power. when this attempt fails 
to result in a successful acknowledgement, in some embodi 
ments, the device may sample the RSSI value from its 
receiver chip at fixed intervals, e.g. 15 minute intervals, and 
may retransmit the message when the noise level has returned 
to its nominal value. 

0251. In one embodiments when a certain amount of time 
lapses without reduction in noise level the interface and/or 
sensor unit may cease attempts to transmit the message. For 
example, in one exemplary embodiment, when 24 hours 
elapses with no reduction in the atmospheric noise level, the 
interface unit 14 may ceases attempting to retransmit the 
message. In one implementation of this exemplary embodi 
ment, the interface unit may continuously display an indica 
tion of the presence of noise, e.g. the "NOISE" message, on 



US 2011/0238227 A1 

the user display 426. In this embodiment, while this indica 
tion is being displayed, the LCD backlight may be illumi 
nated continuously. In one embodiment, when the noise level 
has returned to its nominal level, the interface unit 14 may 
initiate a message, e.g. a LINK QUALITY REQUEST mes 
sage, to re-establish the communications link and configure 
the appropriate transmitter power for the sensor unit 12. In 
one exemplary embodiment, if 1 hour elapses with no reduc 
tion in the atmospheric noise level, the sensor unit 12, the unit 
may cease attempting to retransmit the message. 
0252 Alternatively, when sampling the RSSI value from 
the receiver chip, when the device determines that no excess 
atmospheric noise is present in the communications channel; 
it may presume that the device at the other end of the wireless 
link has failed. 

0253. In one embodiment when the interface unit 14 deter 
mines that the sensor unit 12 has failed, it may continue to 
attempt making contact with the sensor unit 12 at fixed inter 
vals, e.g. five-minute intervals, for a period, e.g., 24 hours. In 
one embodiment, when no contact with the sensor unit 12 is 
made after a certain period of time, e.g. 24 hours, the interface 
unit 14 may cease further attempts at contacting the sensor 
unit 12 and, in one or more embodiment, may continuously 
display an indication that communication has failed, e.g. the 
“NO SIGNAL message, on the user display. In one embodi 
ment, while this message is displayed, the LCD backlight is 
ON. In some embodiments, the interface unit may reattempt 
to communicate with the interface unit after a period of time 
has lapsed. 
0254 Further, in some embodiment, when the sensor unit 
12 determines that the interface unit 14 has failed, it may 
continue to attempt making contact with the interface unit 14 
at fixed intervals, e.g. five-minute intervals, for a certain 
period of time, e.g. one hour. In some embodiments, when 
communication has not been re-established after this period, 
the sensor unit 12 may cease further attempts at contacting the 
interface unit 14. In one embodiment, no further transmis 
sions may be attempted until the interface unit 14 attempts to 
establish contact with the sensor unit 12. Alternatively, in 
Some embodiments, the sensor unit 12 may try to reconnect to 
reestablish communication with the interface unit 14 after a 
certain period of time. 
0255. In some implementations of the rain sensor system 
10, communication messages may comply with a desired 
Protocol. As such messages may have the following format: 

Start End 
Frame Message Frame 

Preamble Marker Length Data Checksum Marker 

F5 hex F5 hex 1C hex 1 byte up to 1 byte 1D hex 
255 bytes 

0256 The preamble consists of 2 or more F5 (hex) trans 
missions. The purpose of the preamble is to give the receiving 
device an opportunity to sync up with the transmitting device. 
0257 Packet frames use the byte 1C hex as the start of 
frame marker and 1D hex as the end of frame marker. When 
the payload contains a data byte equal to 1C or 1D, that byte 
is replaced by the sequence 1B, 01 or 1B, 03. When the 
payload contains a data byte equal to 1B, that byte is replaced 
by the sequence 1B,02. Upon reception, sequences 1B, 01 are 
replaced as 1C, Sequences 1B, 02 are replaced as 1B, and 
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sequences 1B, 03 are replaced as 1D. This is similar to SLIP 
protocol used for TCP/IP. Packets start with the value 1C, and 
that value typically does not appear in the payload. Packets 
end with the value 1D, and that value typically does not 
appear in the payload. It may be desirable in Some instances 
that the length, message data or checksum contain the com 
bination of 1B followed by one of a 01, 02 or a 03. 
0258. The length element is a single byte that describes the 
length of the message data element interms of byte count. For 
example, a frame that has 4 bytes in the message data element 
would have a length of 4. A length of 0 would denote a blank 
frame. Because of the 1-byte limitation, a message data ele 
ment may not be any longer than 256 bytes. Also, if a frame 
has been subjected to the replacement of 1Cs with 1B, 01, 1Bs 
with 1B, 02, or 1Ds with 1B, 03, the length describes the 
length of the intended packet before it was encoded to remove 
the 1Cs, 1Bs or 1Ds. This provides another check of the 
packet's integrity. 
0259. The message data element carries the data payload 
for the frame. The message data typically has the same num 
ber of bytes as the described in the length element. 
0260 The checksum is the logical addition (ignoring carry 
overflows) of the length byte and all of the bytes in the 
message data element. This may be used to ensure the integ 
rity of the frame. Also, if a frame has been subjected to the 
replacement of 1Cs with 1B, 01, 1Bs with 1B,02, or 1Ds with 
1B, 03, the checksum is performed on the intended packet 
before it was encoded to remove the 1Cs, 1Bs or 1Ds. This 
provides another check of the packet's integrity. 
0261 For messages that originate from the interface unit 
14 the first byte of the message payload is desired to be 3E 
hex. Similarly, to comply with the desired protocol, messages 
that originate from the sensor unit 12 the first byte of the 
message payload shall be BE hex. 
0262 Reference throughout this specification to “one 
embodiment,” “an embodiment,” “some embodiments, 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 inven 
tion. Thus, appearances of the phrases "in one embodiment.” 
“in an embodiment,” “in some embodiments' and similar 
language throughout this specification may, but do not nec 
essarily, all refer to the same embodiment. 
0263. While the invention herein disclosed has been 
described by means of specific embodiments, examples and 
applications thereof, numerous modifications and variations 
could be made thereto by those skilled in the art without 
departing from the scope of the invention set forth in the 
claims. 

What is claimed is: 
1. A regulator system for regulating the operation of an 

irrigation system, responsive to user programmed informa 
tion, comprising: 

a receiver portion capable of interrupting watering control 
signals from an irrigation controller; 

a wireless transceiver located within said receiver portion 
for receiving temperature and rainfall data transmitted 
directly from a local wireless sensor unit; 

an irrigation controller system interface externally exposed 
on said receiver portion for connecting said receiver 
portion with said irrigation controller; 

a Switch for bypassing the control signals from the receiver 
portion to the irrigation controller via the irrigation con 
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troller interface, for either permitting or prohibiting 
watering by the irrigation controller, and; 

a user interface disposed on said receiverportion for modi 
fying and displaying a user adjustable rainfall threshold 
for interrupting said irrigation controller and a user 
adjustable temperature threshold for interrupting said 
irrigation controller. 

2. The regulator system of claim 1 wherein said user inter 
face further comprises a signal strength indicator for display 
ing a wireless signal strength from said local wireless sensor 
unit. 

3. The regulator system of claim 1 wherein said local 
wireless sensor unit comprises hygroscopic material that 
expands upon contact with moisture from water vapor, rain, 
Snow, or ice. 

4. The regulator system of claim 1 wherein said local 
wireless sensor unit comprises a temperature sensor. 

5. The regulator system of claim 1 wherein said local 
wireless sensor unit further comprising a rainfall detection 
sensor which is capable of sensing whether rain is currently 
falling or a rate of rainfall, and which transmits control signals 
to the receiver. 

6. The regulator system of claim 1 further comprising a 
rainfall detection sensor which is capable of sensing whether 
rain is currently falling. 

7. The regulator system of claim 1 wherein said local 
wireless sensor unit further comprising a rainfall accumula 
tion sensor which is capable of measuring a quantity of accu 
mulated rainfall. 

8. The regulator system of claim 1 wherein said user inter 
face further comprises a battery indicator. 

9. The regulator system of claim 1 wherein said user adjust 
able rainfall threshold is an amount of rainfall. 

10. The regulator system of claim 1 wherein a rainfall 
accumulation sensor Switch is disposed in a body of said local 
wireless sensor unit and is connected mechanically to a 
hygroscopic material and electrically to a sensor transmitter, 
said sensor transmitter being wirelessly connected to said 
receiver portion, said rainfall accumulation sensor Switch 
being responsive to said hygroscopic material expanding a 
given amount indicative of a predetermined level of atmo 
spheric precipitation, said rainfall accumulation sensor 
Switch enabling said transmitter to transmit signals to said 
receiver unit indicative of an atmospheric precipitation con 
dition. 

11. The regulator system of claim 1 wherein the irrigation 
system interface is connected to the irrigation system by 
wiring. 

12. A regulator System for regulating the operation of an 
irrigation system, responsive to user programmed informa 
tion, comprising: 

a receiver portion for interrupting an irrigation schedule of 
an irrigation controller; 
programmable logic controller disposed within said 
receiver portion; 
wireless transceiver within said receiver portion for 
receiving temperature and rainfall data directly from a 
local wireless sensor unit and further relaying that data 
to said programmable logic controller, 

an irrigation controller interface for connecting said 
receiver portion with the irrigation controller; 

a user interface on an outer portion of said receiver and 
coupled to said programmable logic controller for modi 
fying and displaying a user rainfall threshold for inter 
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rupting said irrigation controller and a temperature 
threshold for interrupting said irrigation controller. 

13. The regulator system of claim 12 wherein said user 
interface further comprises a signal strength indicator for 
displaying a wireless signal strength from said local wireless 
sensor unit. 

14. The regulator system of claim 13 wherein said user 
interface further comprises a battery indicator. 

15. The regulator system of claim 14 wherein said local 
wireless sensor unit comprises hygroscopic material that 
expands upon contact with moisture from water vapor, rain, 
Snow, or ice. 

16. A system for regulating an irrigation system compris 
ing: 

a sensor assembly configured for operation at a remote 
location, comprising: 
a first sensor measuring an accumulation of precipita 

tion; 
a second sensor measuring temperature; 
a wireless transmitter configured for wirelessly trans 

mitting data; and 
a sensor assembly control circuit in communication with 

said first sensor, said second sensor and said wireless 
transmitter, 

a control module configured for operation local to said 
irrigation controller, comprising: 
a receiver configured to wirelessly communicate with 

said wireless transmitter of said sensor assembly: 
a module control circuit in communication with said 

receiver, and 
a user interface in communication with said module 

control circuitry; 
wherein said control module is connected to said irrigation 

system to selectively interrupt an irrigation schedule 
based on sensing of a threshold environmental param 
eter by at least one of said first and second sensor; and, 

wherein a setting of said threshold environmental param 
eter is selectively adjustable on said user interface of 
said control module. 

17. The regulator system of claim 16, wherein said user 
interface further comprises a signal strength indicator depict 
ing strength of a wireless signal between said wireless trans 
mitter of said sensor assembly and said control module. 

18. The regulator system of claim 17, wherein said user 
interface further comprises a battery strength indicator. 

19. The regulator system of claim 16, wherein said user 
interface further comprises a digital indicator configured to 
display said threshold environmental parameter. 

20. The regulator system of claim 17, wherein said thresh 
old environmental parameter is a user-determinable tempera 
ture value. 

21. The regulator system of claim 17, wherein said thresh 
old environmental parameter is rainfall accumulation. 

22. The regulator system of claim 16, wherein said thresh 
old environmental parameter corresponds to a user-determin 
able temperature value. 

23. The regulator system of claim 16, wherein said thresh 
old environmental parameter corresponds to a rainfall accu 
mulation. 

24. A system for regulating an irrigation system compris 
ing: 

a control element configured for operation at a remote 
location, comprising: 
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hygroscopic material positioned to contact environmen 
tal precipitation; 

a signal generator generating a signal correlating to 
expansion of said hygroscopic material as caused by 
contact of said environmental precipitation with said 
hygroscopic material; 

a temperature sensor; 
a wireless transmitter, and 
a control circuit in communication with said signal gen 

erator, said temperature sensor and said wireless 
transmitter, 

said control circuit configured to broadcast environmen 
tal precipitation data and temperature data via said 
wireless transmitter; 

an irrigation system interface configured for operation 
local to said irrigation controller, comprising: 
a receiver in wireless communication with said wireless 

transmitter of said control element; 
an interface control circuit in communication with said 

receiver, and 
a user interface in communication with said interface 

control circuit; 
wherein said irrigation system interface is connectable to 

said irrigation system to selectively interrupt an irriga 
tion schedule based on sensing of at least one of said 
environmental precipitation and said temperature and a 
comparing same to at least one user-adjustable threshold 
value. 

25. The regulator of claim 20 wherein said user interface 
further comprises a digital indicator configured to display 
said at least one user-adjustable threshold value. 

26. The regulator of claim 20, wherein said at least one 
user-adjustable threshold value is a temperature value. 

27. The regulator of claim 20, wherein said at least one 
user-adjustable threshold value is related to a rainfall amount. 

28. The regulator of claim 26 further comprising a second 
user-adjustable threshold value relating to a rainfall amount. 

29. The regulator of claim 20, wherein said user interface 
further comprises a wireless signal strength indicator. 

30. The regulator of claim 29, wherein said user interface 
further comprises a wireless signal strength indicator. 

31. The regulator of claim 20, wherein said user interface 
further comprises a battery strength indicator. 

32. The regulator of claim 30, wherein said user interface 
further comprises a battery strength indicator. 

33. The regulator of claim 24 wherein said user interface 
further comprises a digital indicator configured to display 
said at least one user-adjustable threshold value. 

34. The regulator of claim 24, wherein said at least one 
user-adjustable threshold value is a temperature value. 

35. The regulator of claim 24, wherein said at least one 
user-adjustable threshold value comprises a rainfall amount. 

36. The regulator of claim 34 further comprising a second 
user-adjustable threshold value comprises a rainfall amount. 

37. The regulator of claim 24, wherein said user interface 
further comprises a wireless signal strength indicator. 

38. The regulator of claim 24, wherein said user interface 
further comprises a battery strength indicator. 

39. A system for interrupting a function of an irrigation 
system comprising: 
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a control device configured for operation at a remote loca 
tion, comprising: 
a housing: 
hygroscopic material disposed in said housing and 

exposed to environmental precipitation; 
a signal generating element associated with said hygro 

scopic material generating an output corresponding to 
expansion of said hygroscopic material; 

a temperature sensor, 
a wireless transmitter; and 
a control circuit in communication with said signal gen 

erating element, said temperature sensor and said 
wireless transmitter; 

said control circuit arranged to communicate precipita 
tion data and temperature data via said wireless trans 
mitter; 

an irrigation system interface configured for operation 
local to said irrigation controller, comprising: 
a receiver configured to wirelessly communicate with 

said wireless transmitter of said control device; 
an irrigation control circuit in communication with said 

receiver, and 
a user interface in communication with said irrigation 

control circuit; 
said irrigation control circuit having a routine generating 

an irrigation system interrupt signal based upon a 
comparison of at least one of said precipitation data 
and said temperature data with a predetermined envi 
ronmental parameter, said predetermined environ 
mental parameter being adjustable on said user inter 
face. 

40. The system of claim 39, wherein said housing further 
comprises a top compartment and a bottom compartment; and 
wherein said hygroscopic material is disposed in said top 
compartment and said signal generating element and said 
wireless transmitter are disposed in said bottom compart 
ment. 

41. The system of claim 39, wherein said user interface 
further comprises a temperature display comprised of a dis 
play of said predetermined environmental parameter in the 
form of a temperature value. 

42. The system of claim 39, wherein said user interface 
further comprises a rainfall interrupt display comprised of a 
display of said predetermined environmental parameter in the 
form of a rainfall value. 

43. The system of claim 42, wherein said rainfall value is a 
rainfall accumulation value. 

44. The system of claim 39, wherein said user interface 
further comprises a temperature display comprised of a dis 
play of said predetermined environmental parameter corre 
sponds to a temperature value. 

45. The system of claim 39, wherein said user interface 
further comprises a rainfall interrupt display comprised of a 
display of said predetermined environmental parameter cor 
responds to a rainfall value. 

46. The system of claim 45, wherein said rainfall value 
corresponds to a rainfall accumulation value. 

47. A system for interrupting the operation of an irrigation 
system, responsive to user programmed information, com 
prising: 

a receiver portion capable of interrupting watering control 
signals from an irrigation controller; 
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a wireless transceiver located within said receiver portion 
for receiving temperature and rainfall data transmitted 
directly from a local wireless sensor unit; 

an irrigation controller system interface externally exposed 
on said receiver portion for connecting said receiver 
portion with said irrigation controller; 

a Switch selectively operable to cause the interrupting of 
the watering control signals from the irrigation control 
ler via the irrigation controller system interface, for 
either permitting or prohibiting watering by the irriga 
tion controller, and; 

a user interface disposed on said receiverportion for modi 
fying and displaying a user adjustable rainfall threshold 
for interrupting said irrigation controller and a user 
adjustable temperature threshold for interrupting said 
irrigation controller. 

48. The system of claim 47 wherein said user interface 
further comprises a signal strength indicator for displaying a 
wireless signal strength. 

49. The system of claim 47 wherein said local wireless 
sensor unit comprises hygroscopic material that expands 
upon contact with moisture from water vapor, rain, Snow, or 
ice. 

50. The system of claim 47 wherein said local wireless 
sensor unit comprises a temperature sensor. 

51. The system of claim 47 wherein said local wireless 
sensor unit further comprising a sensor which is capable of 
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sensing whether rain is currently falling or a rate of rainfall, 
and which transmits control signals to the receiver. 

52. The system of claim 47 further comprising a sensor 
which is capable of sensing whether rain is currently falling. 

53. The system of claim 47 wherein said local wireless 
sensor unit further comprising a sensor which is capable of 
measuring a quantity of accumulated rainfall. 

54. The system of claim 47 wherein said user interface 
further comprises a battery indicator. 

55. The system of claim 47 wherein said user adjustable 
rainfall threshold is an amount of rainfall. 

56. The system of claim 47 wherein a rainfall accumulation 
sensor Switch is disposed in a body of said local wireless 
sensor unit and is connected mechanically to a hygroscopic 
material and electrically to a sensor transmitter, said sensor 
transmitter being wirelessly connected to said receiver por 
tion, said rainfall accumulation sensor Switch being respon 
sive to said hygroscopic material expanding a given amount 
indicative of a predetermined level of atmospheric precipita 
tion, said rainfall accumulation sensor Switch enabling said 
transmitter to transmit signals to said receiver unit indicative 
of an atmospheric precipitation condition. 

57. The system of claim 47 wherein the irrigation control 
ler system interface is connected to the irrigation system by 
wiring. 


