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Figure 3 - Message Routing 
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Figure 4 - Transceiver Routing 
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Figure 5 - Sensor Data Routing 
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Figure 6 - Transceiver Synchronization 
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Figure 7 - Diagram of Soil Probe 
754 

. . . . a 

Probe Body 750 

Senor 760 

  

  

IPR2023-00624 Page 00008



Patent Application Publication May 27, 2004 Sheet 8 of 13 US 2004/0100394A1 

Figure 8 - Separable Probe Body 
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Figure 9 
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Figure 10 - Configuration and Dimensions of Probe Body 

Figure 10A Figure 10B 
7.62 cm 

984 in 
s'. : a Moisture 
Keystone Electronics holder Sensors 0.5 in deep 

Moisture 
Sensors, Moisture 

Sensors 

Keystone electronics tolder 
(Doesn't quitfit in 2.5 in internal diameter) 

  

      

  

  

IPR2023-00624 Page 00011



Patent Application Publication May 27, 2004 Sheet 11 of 13 US 2004/0100394A1 

  

IPR2023-00624 Page 00012



Patent Application Publication May 27, 2004 Sheet 12 of 13 US 2004/0100394A1 

  

      

    

  

IPR2023-00624 Page 00013



IPR2023-00624 Page 00014



US 2004/010O394A1 

DISTRIBUTED ENVIRONMENTAL CONTROLINA 
WIRELESS SENSOR SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001) This application claims the benefit of U.S. Provi 
sional Patent Application serial No. 60/421,963, filed Oct. 
28, 2002, entitled “System for Environmental Monitoring 
and Control,” of Dale K. Hitt, which application is incor 
porated herein by reference in its entirety. 
0002 This application is related to the following concur 
rently filed and commonly assigned U.S. patent applica 
tions: U.S. patent application Ser. No. , entitled 
“Wireless Sensor System For Environmental Monitoring 
And Control,” of Dale K. Hitt; U.S. patent application Ser. 
No. , entitled “Scheduled Transmission. In AWireless 
Sensor System,” of Dale K. Hitt; U.S. patent application Ser. 
No , entitled “Wireless Sensor Probe,” of Dale K. 
Hitt et al., U.S. patent application Ser. No., entitled “RF 
Based Positioning and Intrusion Detection Using AWireless 
Sensor Network,” of Dale K. Hitt; and U.S. patent applica 
tion Ser. No. , entitled “Two-Wire Control of Sprin 
kler System,” of Dale K. Hitt et al. The aforementioned 
patent applications are incorporated herein by reference in 
their entireties. 

FIELD OF THE INVENTION 

0003. The invention relates to a wireless sensor system 
for environmental monitoring and/or control and, in particu 
lar, to Systems and methods for an improved environmental 
monitoring and control System utilizing distributed wireleSS 
Sensor platforms to provide continuous Samples from mul 
tiple Sensor types and multiple Sensor positions and to 
establish multiple control points without the need for a 
centralized control. 

DESCRIPTION OF THE RELATED ART 

0004 Control systems for automatic irrigation systems 
used for landscape and agricultural maintenance are known. 
Most common types of environmental monitoring and con 
trol for irrigation Systems incorporate a means of controlling 
the Start time and duration of watering cycles via a central 
timing controller. The need to adjust a watering cycle due to 
the environmental influence is necessary in order to Save 
natural resources, reduce costs, and to improve the growing 
environment for plants. Such environmental conditions 
include temperature changes, relative humidity, precipita 
tion, wind and cloud cover. In conventional control System, 
the primary means for halting an automatic watering cycle 
when certain environmental event occurs is by an operator 
manually Suspending the cycle at the irrigation controller. In 
most Situations this proves to be an ineffective means of 
conserving resources due to the inconsistent and inefficient 
methods followed by the operator. In fact, quite often the 
operator ignores the need to Suspend the watering cycle 
altogether, and in Some cases neglects to resume the water 
ing cycle when required, leading to both over-watered and 
under-watered landscaping. 
0005. It is because of this unreliable and inconvenient 
manual method that environmental Sensors were developed 
that allow for an automatic interruption of the controller due 
to an environmental condition. The use of Sensors for 
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irrigation Systems has proven to be an effective and eco 
nomical method of conserving water, energy, and money. 

0006. One of the major drawbacks of the conventional 
environmental Sensors is the extensive installation time and 
difficult methods required for a proper installation. A Soil 
moisture Sensor is usually installed in the ground by boring 
of an precisely sized hole, placing the Sensor at the appro 
priate depth to measure the Soil properties in the root Zone, 
placing a slurry of water and Soil in the hole to assure that 
the Sensor has good contact with the Soil and try to restore 
the Soil in the hole to its previous condition as much as 
possible So that the Sensor provides readings that correctly 
reflect the state of the soil. If the soil is not restored properly, 
water and fertilizer can drain down along the hole to the 
Sensor and corrupt the Sensor readings. 

0007. It is common for soil to be stratified into regions of 
varying textures, composition and drainage properties. Dig 
ging a hole and refilling it with Slurry disrupts these Strata 
around the Sensor and decreases the accuracy of the Sensor 
readings. 

0008. As the soil cycles from wet to dry, it is possible to 
Shrink back from the Senor and loose contact. If this hap 
pens, the Sensor can no longer read the Soil Status properly. 
Sometimes, rewetting the Soil is not Sufficient to restore the 
Sensor contact and the Sensor must be reinstalled. 

0009. The wires that run from the sensors up through the 
Soil to the Surface are then routed either to a central 
controller directly or to a central controller through a wire 
less transmission System. This method is burdensome in 
time, tools required and is prone to unsuccessful installation 
through poor Seating of the Sensor in the Soil, poor repre 
Sentation of the target Soil by the Sensed Soil that was 
disturbed by installation, and electrical noise in connecting 
wires. The central controller receives the Signals from the 
remote Sensors and determines whether or not to Start the 
next irrigation cycle for a particular irrigation Zone. 

0010) By way of example, conventional sensors and 
Sensor controlled irrigation Systems are described in U.S. 
Pat. No. 5,424,649 to Gluck et al., U.S. Pat. No. 5,351,437 
to Lishman; U.S. Pat. No. 4,937,732 to Brandisini; U.S. Pat. 
No. 5,083,886 to Whitman; U.S. Pat. No. 4,524,913 to Bron; 
and U.S. Pat. No. 4,971,248 to Marino; and U.S. Pat. No. 
5,813,606 to Ziff. FIG. 1 duplicates FIG. 1 of the Ziff patent 
and illustrate a radio controlled Sprinkler control System 
where a transmitter including a moisture Sensor communi 
cates with a receiver controlling the actuation of the Sprin 
klers. The Sprinklers are actuated by a Signal generated by 
the moisture Sensor disposed to measure the moisture level 
of the ground. 

0011. The cultivation of agricultural crops has evolved 
over the years as the Size and Scale of farms has increased 
from Small family farms to large-scale farms. Irrespective of 
a farm's size, variations in terrain, Soil conditions and 
weather exposure produce non-uniformities of field condi 
tions which affect the preparation and growing of crops. In 
order to optimize crop yields, farmerS have historically kept 
track of rainfall, humidity and temperature, as well as Soil 
conditions and the occurrence of pest infestations. Soil has 
been analyzed to determine nitrogen levels and various other 
conditions. Furthermore, advances have been made with the 
introduction of field condition Sensing and data collection 
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that enable groSS categorization of agronomic information 
on a field. However, further improvements are needed that 
will enable better collection and management of information 
So that yields can be increased, without increasing the costs 
of production. 
0012 Recently, in-ground moisture sensors have been 
combined with an irrigation controller to control an irriga 
tion cycle of an area of Soil. More particularly, Such irriga 
tion controllers have been used to control Stationary irriga 
tion devices Such as those used in golf courses and in 
orchards. However, Such Systems were limited in that in 
ground Sensors have required costly long range wireleSS 
communications Systems to Send data back to a central 
monitoring and control unit. Therefore, it is cost prohibitive 
to provide a large number of Sensors in order to cover a large 
agricultural field being processed by a large-scale irrigation 
device Such as a center-pivot irrigation device. Furthermore, 
Such Stationary irrigation Systems are not Suitable for irri 
gating large-scale agricultural fields due to the large number 
of Sprinklers needed on the irrigation System. Furthermore, 
an agricultural field needs to be periodically cultivated and 
a complex in-ground irrigation System will cause problems 
when the field is being turned over and prepared for its next 
cultivation cycle. 
0013. Other areas of recent improvement in the field of 
agriculture involve the use of precision agriculture products. 
Precision agriculture products typically utilize variable-rate 
application devices, global positioning System (GPS) 
devices, and geographic information Systems (GIS). Satel 
lite-based global positioning Systems enable the determina 
tion of precise locations within a field of interest. Geo 
graphic information Systems enable data management of 
detected conditions on a field of interest. 

0.014. One presently available representative differential 
global positioning System is manufactured by Trimble, and 
is sold under the product name Direct GPS for Arc View, 
Trimble Surveying and Mapping Division, 645 North Mary 
Avenue, P.O. Box 3642, Sunnyvale, Calif. 94.088-3642. 
0.015. One representative geographic information system 
(GIS) is presently available from Environmental System 
Research Institute, Inc. (ESRI), 380 New York Street, Red 
lands, Calif. 92373-8100, under the name “ARCVIEW.RTM 
for Agriculture.” Such a GIS system enables the manage 
ment of agricultural information by way of a graphical user 
interface. The GIS system consists of software implemented 
on a computer, and forms a graphical display that easily 
enables a user to tabulate data and evaluate collected data for 
making decisions about a crop being cultivated. 
0016 Far-distance data collection techniques have been 
used for determining certain agronomic features on a field 
being Studied. Satellites imaging techniques and aerial pho 
tography techniques have enabled the collection of vast 
arrays of data in order to characterize agronomic informa 
tion on large fields of interest. For example, thermal imaging 
cameras have been used to determine thermal characteristics 
of a field being observed. However, Such cameras produce 
an array of pixels having limited resolution, and further, the 
cameras can only collect information periodically when 
weather conditions permit flight overhead. The presence of 
certain crop and Soil conditions can manifest themselves in 
the form of a thermally detectable variation upon the land. 
Detection can also be performed in the visible, infrared and 
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ultraViolet ranges, enabling the determination of correlated 
features with Such information. 

0017. However, the ability to collect agronomic informa 
tion on a field of interest via far-distance imaging techniques 
often has limited capabilities. For example, inclement 
weather conditions can block the ability to detect agronomic 
features. For cases of Satellites, the presence of cloud cover 
can disrupt detection of Such information. During certain 
periods of a growing cycle for a crop, the timing of Such 
information can be critical to Successful harvesting. The data 
from these techniques is not available continuously, there 
fore is inappropriate for providing real-time feedback for 
control of irrigation Systems. Hence, an improved technique 
that enables the continuous detection of Such agronomic 
information during any time of day, and under any type of 
weather condition, is desired. Furthermore, a Sensing device 
that enables the detection of an increased number of different 
agronomic features is also desired. Even Furthermore, Sens 
ing devices that enable closed-loop control of irrigation is 
required. 

0018. Although precision agriculture products have 
recently enhanced the ability to increase crop yields, further 
improvements are needed to reduce the overall cost and 
usability of Such Systems while improving the effectiveness. 
For example, improvements are needed to Sensor based, 
closed-loop control of Such Systems to better control the 
application of water and/or chemicals to a field based upon 
the real-time detection of needs. Furthermore, improve 
ments are needed to the Sensing Systems in order to reduce 
their overall cost, while enhancing their effectiveness. 
0019. There are a variety of systems for monitoring 
and/or controlling any of a number of Systems and/or 
processes, Such as, for example, manufacturing processes, 
irrigation Systems, personal Security Systems, and residential 
Systems to name a few. In many of these Systems, a central 
host computer in communication with a wide area network 
monitors and/or controls a plurality of remote devices 
arranged within a geographical region. The plurality of 
remote devices typically uses remote Sensors to monitor and 
actuators to respond to various System parameters to reach 
desired results. A number of automated monitoring Systems 
use computers or dedicated microprocessors in association 
with appropriate Software to proceSS System inputs, model 
System responses, and control actuators to implement cor 
rections within a System. In control Systems, the dependence 
on a central controller reduces the reliability of the System 
because a failure in this controller brings down the System. 

0020 Various schemes have been proposed to facilitate 
communication between the host computer and the remote 
devices within the System, including RF transmission, and 
control Signal modulation over the local power distribution 
network. For example, U.S. Pat. No. 4,697,166 describes a 
power-line carrier backbone for inter-element communica 
tions. As recognized in U.S. Pat. No. 5,471,190, there is a 
growing interest in home automation Systems and products 
that facilitate Such systems. Recognizing that consumers 
will soon demand interoperability between household sys 
tems, appliances, and computers, the Electronics Industry 
ASSociation (EIA) has adopted a standard, known as the 
Consumer Electronics Bus (CEBus). The CEBus is designed 
to provide reliable communications between residential 
devices. 

IPR2023-00624 Page 00016



US 2004/010O394A1 

0021 One problem with the use of control systems 
technology to distributed Systems is the cost associated with 
developing the local communications infrastructure neces 
Sary to interconnect the various devices. A typical approach 
to implementing control System is to install a local network 
of hard-wired Sensors and actuators along with a local 
controller. Not only is there expense associated with devel 
oping and installing appropriate Sensors and actuators, but 
the expense of connecting functional Sensors and actuators 
with the local controller is often prohibitive. Another pro 
hibitive cost is the expense associated with the expense 
asSociated with programming the local controller. 
0022. Accordingly, an alternative solution for imple 
menting a distributed control System Suitable for monitoring 
and controlling remote devices that overcomes the short 
comings of the prior art is desired. 

0023 U.S. Pat. No. 5,905,442 discloses a wireless auto 
mation System with a centralized remote control that con 
trols I/O devices for providing electrical power to appliances 
from power outlets of the power mains in building. The 
remote control and I/O devices comprise RF transceivers, 
and the System includes dedicated repeater units for repeat 
ing Signals to I/O devices out of the range of the remote 
control. 

0024 U.S. Pat. No. 5,875,179 describes a method for 
Synchronizing communications over a backbone architec 
ture in a wireleSS network. The System invokes two control 
lers, one of which is a master and another which is an 
alternate master which will be activated only when the 
master is out of work. Dedicated repeaters and I/O devices 
in the System are commonly designated as nodes. There are 
generally functional difference between repeater nodes and 
end (I/O) nodes. 
0025 U.S. Pat. No. 4,427,968 discloses a wireless auto 
mation System with flexible message routing. A central 
Station produces a Signal for a I/O device; the Signal contains 
a route code, an address code, an identifying code and a 
message code. Dedicated repeaters in the architecture 
receive the Signals and follow a Specified procedure for 
repeating Signal. RepeaterS may also be addressed as end 
nodes, e.g. in order for the controller to download routing 
tables. 

0026 U.S. Pat. No. 4,250,489 describes a communica 
tion System having dedicated repeaters organized in a pyra 
midal configuration. The repeaters are bidirectionally 
addressable and may receive interrogation Signals telling a 
repeater that it is the last repeater in the chain. The repeaters 
are not connected to appliances and do not perform any 
functions besides repeating and routing Signals. 

SUMMARY OF THE INVENTION 

0.027 According to one embodiment of the present inven 
tion, a method for providing environmental monitoring and 
control includes providing a network of wireleSS nodes, the 
wireleSS nodes includes an array of Sensor nodes and an 
array of actuator nodes, each wireleSS node including a 
wireleSS transceiver, a processor and one of a Sensor device 
or an actuator device. The method further includes Sending 
a message from a first wireleSS node to a Second wireleSS 
node through wireleSS communication; and processing the 
message at the Second wireleSS node. In operation, the 
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message may include Sensor data or a control command 
operative to control the Sensor device or the actuator device 
in the Second wireleSS node. In one embodiment, a Sensor 
node processes Sensor data and generate a control command 
as a message to be transmitted to an actuator node. In 
another embodiment, the actuator node transmits a message 
to a Sensor node to request Sensor data or control commands. 
0028. The present invention is better understood upon 
consideration of the detailed description below and the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a radio controlled sprinkler control sys 
tem as described in U.S. Pat. No. 5,813,606. 
0030 FIG. 2, including insert FIG. 2A, is a schematic 
diagram of a wireleSS environmental monitoring and control 
System according to one embodiment of the present inven 
tion. 

0031 FIG. 3 is a block diagram illustrating the operation 
of a wireleSS environmental monitoring and control System 
according to one embodiment of the present invention. 
0032 FIG. 4 is a flow chart illustrating the operation of 
each wireleSS node for receiving and transmitting messages 
within the environmental monitoring and control System 
according to one embodiment of the present invention. 
0033 FIG. 5 is a flow chart illustrating the sensor data 
processing and routing operation according to one embodi 
ment of the present invention. 
0034 FIG. 6 is a flow chart illustrating the transceiver 
Synchronization operation according to one embodiment of 
the present invention. 
0035 FIG. 7 is a cross-sectional diagram illustrating a 
Sensor node according to one embodiment of the present 
invention and the installation of the Sensor node in the 
ground. 

0036 FIGS. 8 and 9 are two embodiments of a sensor 
node of the present invention constructed using Separable 
probe body. 

0037 FIGS. 10A and 10B illustrate differential embodi 
ments of the Sensor nodes of the present invention. 
0038 FIG. 11 illustrates variations on the probe body 
configuration. 
0039 FIG. 12 is a schematic diagram illustrating the use 
of the environmental monitoring and control System of the 
present invention for occupancy detection. 
0040 FIG. 13 is a block diagram of an automatic sprin 
kler system 1300 incorporating the two-wire control system 
according to one embodiment of the present invention. 
0041 FIG. 14 is a timing diagram illustrating the opera 
tion of the sprinkler system of FIG. 13 according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0042. In accordance with the principles of the present 
invention, a wireless environmental monitoring and control 
System utilizes an array of wireleSS Sensors for providing 
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extended range and multiple control points within the array. 
The wireleSS environmental monitoring and control System 
can Support Sensing and irrigation control over a large area 
without the need for a central controller. By providing 
distributed monitoring and control, the control System of the 
present invention can be used to realize more efficient water 
utilization and improved crop yield. 

A. Multi-hop Wireless Sensor Irrigation Control 
System 

0.043 FIG. 2 is a schematic diagram of a wireless envi 
ronmental monitoring and control System according to one 
embodiment of the present invention. In general, wireleSS 
environmental monitoring and control System 130 (System 
130) is configured to include one or more irrigation Zones 
where each irrigation Zone can include one or more Sensor 
nodes and one or more actuator nodes. System 130 can also 
include other nodes providing other Supporting functions as 
will be described in more detail below. The sensor nodes, 
actuator nodes and other nodes in system 130 form a 
wireleSS communication network in which messages, Such 
as Sensor data, operating data, and commands, are commu 
nicated wirelessly between the nodes. 
0044) In FIG. 2, wireless environmental monitoring and 
control system 130 (system 130) is illustrated with irrigation 
Zones 157 and 159. In the present embodiment, irrigation 
Zone 157 is supported by sensor nodes 160 and 162 and an 
actuator node 164. Actuator node 164 controls one or more 
irrigation valves for providing irrigation within Zone 157. 
Sensor nodes 160 and 162 can represent different types of 
Sensors for providing Sensor data or commands to actuator 
164 to control the irrigation of Zone 157. Actuator 164 is thus 
disposed to receive Sensor data or commands from one or 
more sensor nodes. Irrigation Zone 159 is supported by 
sensor nodes 170 and 172, actuator nodes 174 and 176 and 
a repeater node 177. Actuator nodes 174 and 176 each 
control one or more irrigation valves for providing irrigation 
within Zone 159. Similar to Zone 157, sensor nodes 170 and 
172 can represent different type of Sensors and can transmit 
Sensor data or commands to multiple actuator nodes 174 and 
176. Each of actuator nodes 174 and 176 can receive sensor 
data or commands from one or more Sensor nodes. 

0.045 Wireless environmental monitoring and control 
system 130 can also include other nodes for providing other 
Supporting functions. Referring to FIG. 2, the Sensor and 
actuator nodes within system 130 also communicate with 
nodes with monitoring capabilities only. For example, a 
local monitor node 166 is provided for communication with 
any one of the Sensor and actuator nodes. Local monitor 
node 166 can be coupled to a personal computer 188 for 
receiving, Storing and/or processing data received from the 
Sensor nodes or actuator nodes. Agateway node 168 can also 
be provided to facilitate access to a local area network or the 
internet. In the present embodiment, gateway node 168 is 
connected through a local area network to a computer 190 
which provides access to the Internet or an intranet. In this 
manner, monitoring and/or control of System 130 can be 
facilitated remotely through a local area network through the 
Internet. A repeater node 177 is also provided. Repeater 
node 177 does not provide other functions and act only to 
relay messages between the nodes in System 130. In one 
embodiment, a Sensor node or an actuator node can also act 
as a repeater node for relaying messages between other 
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nodes. System 130 can also include a user interface node 
(not shown) whereby a user can access the network of Sensor 
and actuator nodes for reading data and for providing 
control. 

0046. In system 130, each sensor node and each actuator 
node incorporates a wireleSS communication transceiver to 
enable wireleSS communication between the nodes. An 
insert FIG. 2A in FIG. 2 is a block diagram of a sensor/ 
actuator node according to one embodiment of the present 
invention. In the present description, a Sensor node, an 
actuator node or other nodes in the System will be collec 
tively referred to as “a wireless node” in the environmental 
monitoring and control System of the present invention. In 
FIG. 2A, a wireless node 150 includes an antenna 152, a 
wireless transceiver 154, a processor 156 and a node com 
ponent 158. The wireless transceiver of each wireless node 
may communicate with a memory 155 that Stores a unique 
transceiver identifier that identifies the wireless network. 
Depending on the function of the wireleSS node, the node 
component may further include Sensor or actuator compo 
nents. For example, if wireless node 150 is a sensor node, 
node component 158 will be implemented as a sensor 
component, Such as a Soil moisture Sensor oran temperature 
sensor. If wireless node 150 is an actuator node, node 
component 158 will be implemented as an actuator compo 
nent for providing the drive Voltage to drive one or more 
irrigation valves. 

0047. Each wireless node in system 130 can be powered 
by a power Source, Such as by Solar power or by battery 
power. In one embodiment, the wireleSS node is powered by 
a rechargeable battery. The rechargeable battery may be 
recharged periodically via a Solar panel. In one embodiment, 
the transceiver circuit is independently powered So that 
when the wireleSS node is acting merely as a repeater for 
relaying transmissions to other wireless, the transceiver does 
not drain power away from the Sensor or the actuator 
component. In one embodiment, the battery power level or 
the Solar power level at each wireleSS node is measured and 
monitored So that power failures at any node can be 
detected. 

0048 Processor 156 controls the operation of the wireless 
transceiver and the node component. Processor 156 usually 
includes a data interface configured to receive and/or trans 
mit Signals to node component 158. If the Signal output from 
the Sensors/actuator components is an analog signal, the data 
interface may include an analog-to-digital converter (not 
shown) to digitize the Signals. For example, processor 156 
can be operated to receive incoming control data from 
transceiver 154 and use the control data to control the 
actuator component. Processor 156 can also be operated to 
receive Sensor data from a Sensor component and direct the 
Sensor data to be transmitted to an actuator node through the 
transceiver. Processor 156 can also be provided with pro 
gramming data to derive control data for an actuator node 
based on the Sensor data received. 

0049. In accordance with the present invention, the wire 
leSS node can be built using different degrees of the inte 
gration. In one embodiment, the transceiver circuit, the 
processor and the memory are integrated in the same hous 
ing as the Sensor or actuator component. In another embodi 
ment, the transceiver circuit may be installed in close 
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proximity to the processor and Sensor/actuator components 
and communicate with the processor via a wired or a 
wireleSS connection. 

0050. In one embodiment, the sensor component can be 
any one of or a combination of: an air temperature Sensor, a 
relative humidity Sensor, a light level Sensor, a Soil moisture 
Sensor, a Soil temperature Sensor, a Soil dissolved oxygen 
Sensor, a Soil pH Sensor, a Soil conductivity Sensor, a Soil 
dielectric frequency response Sensor. The actuator compo 
nent can be any one of or a combination of an actuator 
position control, an actuator flow rate control, a water flow 
control, a fertilizer flow control, and a lighting control. 
0051. In one embodiment, each of the wireless nodes in 
environmental monitoring and control System 130 is con 
figured to transmit a low-power radio frequency (RF) signal. 
Thus, each wireleSS node requires limited power to operate. 
The transmitter power and range may be appropriately 
Selected for the desired operating requirements. More Spe 
cifically, in one embodiment, each Sensor or actuator node 
operates as a repeater node for relaying control or Sensor 
data to other nodes within the system, thereby effectively 
extending the range of each node, as will be described in 
more detail below. 

0.052 In FIG. 2, the wireless nodes are depicted without 
a user interface. However, in other embodiments, the wire 
leSS nodes may be equipped with a user interface, including 
but not limited to pushbuttons, Switches, an alphanumeric 
keypad, LED indicators, LCD display or any other type of 
user interface device Suitably configured with Software to 
accept operator input. WireleSS nodes. that require user 
input, but do not have user interfaces can receive user input 
from nodes that do have user interfaces. 

B. Distributed Environmental Control 

0053. In accordance with the present invention, the irri 
gation control actuator does not need to be controlled from 
a central controller. The actuator node can receive Sensor 
data or commands directly over the System and determine 
the appropriate control response from the Sensor data. The 
actuator node can coordinate with other actuator nodes in the 
network to Sequence through irrigation cycles So that water 
preSSure is maintained. AS is well understood in the art, if too 
many Sprinklers are on at once, water pressure can be 
reduced below necessary levels. 
0.054 With an interconnected wireless network such as 
System 120 that provides processing capabilities at every 
node, nodes on the network can distribute signal processing, 
Storage and analysis function to better optimize the use of 
the network resources. A distributed environmental control 
System for efficient and effective System management is thus 
realized. By providing a distributed control, the operation of 
wireless environmental monitoring and control system 130 
can be flexible and various fail-safe can be realized. 

0055. In one embodiment, the sensor nodes collect sensor 
data and determine actuator function as needed. When 
actuator function is needed, messages can be sent acroSS the 
wireleSS network from a Sensor node to the respective 
actuator node. In another embodiment, any wireleSS node in 
the network can integrate data from one or more Sensor 
nodes to determine the appropriate actuator function. Such 
a wireleSS node is Sometimes referred to as “an intermediate 

May 27, 2004 

node' where Sensor data are Sent for processing and result 
ing actuator commands are forwarded to the respective 
actuator nodes. The intermediate node functions as a data 
processing Station Supporting respective Sensor nodes and 
respective actuator nodes. 

0056. In another embodiment, every wireless node in the 
network can receive data or commands from other wireleSS 
nodes, including user input nodes, actuator nodes, Sensor 
nodes and other monitor nodes (like gateway nodes). Each 
wireleSS node integrates those data and/or commands to 
determine the correct operations. In one embodiment, Sensor 
data from the Sensor nodes are broadcast to all nodes in the 
network. Actuator nodes receiving the Sensor data can 
Selectively process the Sensor data relevant to their function. 
For example, an actuator node in irrigation Zone1 receives 
data and processes the data from all Sensor nodes related to 
the Zone1 only. The actuator node can also receive Sensor 
data from weather Sensor nodes and user input nodes and 
gateway nodes to have more information to make actuator 
decisions. 

0057. In system 130, any of the wireless node, whether it 
is a Sensor node or an actuator node, can transmit messages 
to any other node. Thus, a Sensor node can process Sensor 
data it is Sensing and can issue commands to an actuator 
node for controlling the irrigation of a Zone. Alternately, a 
Sensor node can collect Sensor data from itself and Sensor 
data from other Sensor nodes in the respective area and 
process the Sensor data collectively. The Sensor node can 
then provide commands accordingly to control the operation 
of the associated actuator node 164. 

0058. In one embodiment, an actuator node sends a 
message to an associated Sensor node requesting Sensor data 
and/or commands. The Sensor node in response processes 
the Sensor data from itself or from associated Sensor nodes 
and provide the Sensor data and/or actuator commands to the 
requesting actuator node. 

0059. As described above, any wireless node in the 
network can function as a repeater node where messages are 
relayed or a data processing Station where Sensor data are 
processed and commands are generated. Thus, a wireleSS 
node wishing to transmit to another wireleSS node can utilize 
one or more intermediate repeater nodes for transmitting the 
meSSage. 

0060 Referring to FIG. 3, sensor node 160 may com 
municate with at least one actuator node 164 either directly 
or via another wireleSS node, Such as Sensor node 162. 
Similarly, sensor node 170 may communicate with at least 
one or more other Sensor/actuator nodes, Such as node 176, 
on the network via wireless node 172. Furthermore, one or 
more Sensor/actuator nodes may be in direct communication 
with one or more monitor nodes 166 and 168. In an alternate 
embodiment, the communication medium between the one 
or more Sensor/actuator nodes may be wireleSS or, for 
relatively closely located configurations, a wired communi 
cation medium may be used. 
0061. One or more wireless nodes are configured and 
disposed to receive remote data transmissions from the 
various Stand-alone wireleSS nodes. It is important to note 
that while a specific group of wireleSS nodes is assigned to 
a given Zone, all of the wireleSS nodes within the environ 
mental monitoring and control System can communication 
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with each other to relay messages to the desired node. For 
example, sensor node 160 in Zone 157 can transmit a 
message to actuator node 164 through Sensor node 172 in 
Zone 159, if that route is determined to be better Suited for 
transmission. Similarly, sensor 170 in Zone 159 can transmit 
sensor data to actuator node 176 through sensor node 162 
and actuator node 164, if that route is determine to be better 
Suited for transmission. 

0.062 Similarly, any of the wireless nodes in the system 
can communicate with the monitor node and the gateway 
node. Wireless gateway node 168 may be configured to 
convert the transmissions between TCP/IP format and wire 
leSS network format to provide communications between 
devices on the wireless network and remote device 190 via 
TCP/IP. 

0.063 FIG. 3 is a block diagram illustrating the operation 
of a wireleSS environmental monitoring and control System 
according to one embodiment of the present invention. In 
FIG. 3, wireless nodes 350-366 in environmental monitor 
ing and control System 330 are geographically arranged Such 
that the antenna patterns (not shown) associated with each 
wireleSS node overlap to create a coverage area. In this 
manner, environmental monitoring and control System 330 
enables a wireless network node 364 (a Sensor node) asso 
ciated with the coverage area to communicate with another 
wireless node 352 (an actuator node) in the coverage area via 
Several possible communication paths. For instance, wire 
less node 364 may communicate with wireless node 352 via 
Several different communication paths, each path defined by 
one or more wireless nodes within the coverage area. For 
example, in FIG.3, sensor node 364 may communicate with 
actuator node 352 via a wireless node 358 which can be a 
Sensor node, an actuator node, or a monitoring node. Alter 
nately, Sensor node 364 may communicate with actuator 
node 352 through a series of intermediate nodes 362,356, 
354 and 350. In this manner, the range of each wireless node 
can remain Small to limit power consumption while ensuring 
a wide coverage area for system 300. 
0.064 FIG. 4 is a flow chart illustrating the operation of 
each wireleSS node for receiving and transmitting messages 
within the environmental monitoring and control System 
according to one embodiment of the present invention. In the 
present embodiment, the transceivers in the wireleSS nodes 
of the System are Synchronously activated to establish end 
to-end network connectivity (step 402). The wireless trans 
ceiver receives an incoming message via the antenna (Step 
404). The transceiver receives the incoming message, modi 
fies the received signal, and passes the modified signal onto 
the processor. The processor evaluates the message to deter 
mine the intended recipient (step 406). If the intended 
recipient is the wireleSS node itself, the processor then 
prepares the appropriate response (step 408). The response 
may include collecting data from the Sensor or providing a 
control Signal to the actuator. If the intended recipient is not 
the wireleSS node itself, the processor then prepares the 
message to be re-transmitted to the intended recipient. 
Specifically, the processor of the wireleSS node determines 
the best route to the destination (step 410) and retransmits 
the message as necessary (step 412). The best route can be 
determined by the Smallest number of intermediate nodes, 
by nodes with the maximum power available and by most 
reliable links. The wireless node awaits confirmation of 
receipt of the message (step 414). When the confirmation is 
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not received, the wireleSS node attempts to retransmit the 
message by returning to step 410. When confirmation is 
received, the processing for the message is completed. 
0065. The logic circuits for Supporting the operation of 
each wireleSS node can be implemented in Software or in 
firmware that is stored in a memory, such as memory 155. 
The processor of the wireleSS node executes the instructions 
Stored in the memory to carry out the message interpretation 
and transmission functions. 

0066. In one embodiment, the operation of environmental 
monitoring and control System for transmitting Sensor data 
and control data can be implemented as follows. First, the 
transceiver in a wireleSS node may receive a command 
message on the antenna via a message protocol. The com 
mand message may be initiated from another wireleSS node, 
or any other device connected to the System through a 
gateway. The processor may evaluate the received message 
to determine if the recipient's address is its own unique 
address. If it is, then the processor evaluates the command 
and prepares a response message. 
0067. In response to the command message, the proces 
Sor receives the data related to the Sensor or the actuator. In 
one embodiment, the data may be retrieved by initiating a 
request to the Sensor or actuator. In another embodiment, the 
data may be stored in the memory and the processor 
retrieves the data from the memory 208. The processor may 
also retrieve the unique address locations of the data from 
the memory. Then, the processor formats a transmit Signal in 
response to the command message as described above. The 
processor then communicates the transmit Signal to the 
transceiver, which provides the transmit Signal to the wire 
leSS control System. The transmit Signal is then delivered to 
the intended point, Such as a monitoring node. 
0068 According to an alternate embodiment of the 
present invention, a Sensor node can periodically Sample the 
Sensor and the Sensor data is aggregated into a local memory 
for processing and/or transmission. FIG. 5 is a flow chart 
illustrating the Sensor data processing and routing operation 
according to one embodiment of the present invention. 
Referring to FIG. 5, the sensor node is programmed to 
periodically acquire Sensor data (step 502). Then, the Sensor 
data is filtered (step 504) and/or compressed and/or pro 
cessed (step 506). Data compression may be performed to 
reduce the data transmission requirements and improve the 
usability of the data by other nodes in the network. Noise 
filtering can include noise reduction, croSS-channel interfer 
ence reduction, missing Sample interpolation and other 
Signal processing to enhance the quality of the data. Com 
pression can include differential coding within a channel or 
jointly between multiple correlated channels. Processing can 
include Statistical analysis (average, median, Standard devia 
tion and higher order correlations), linear regression, linear 
approximation and other mathematical modeling processes 
to improve the usability of the data. The processed Sensor 
data is stored in a local memory (step 508). 
0069. The processed sensor data can then be delivered to 
other wireleSS nodes in the System as created on a periodic 
Schedule or as requested by other nodes in the System. If the 
data is delivered as created, or on a periodic Schedule, the 
wireleSS node should have Stored the address of the target 
network nodes that need to receive the data. If the data is 
delivered on a periodic basis, the Schedule for delivery to a 
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target network node should be Stored. If data is delivered as 
requested, or on command from another node in the net 
work, the request or command contains the address of the 
requester to where the data is to be sent. 

0070. At step 510, synchronous transceiver activation is 
performed to activate all wireleSS nodes within the System or 
within a Zone in a System. Then, the Sensor data is routed 
through the network of wireless nodes to the intended 
recipient, Such as the actuator nodes (step 514), a monitor 
node (step 516), and a gateway node (step 518). The 
gateway node may forward the message to a remote com 
puter (step 520). In the case where the sensor data is 
transmitted to an actuator node, the Sensor data is used to 
control the State of the actuator. 

0071. A distinct difference between the conventional irri 
gation control System and the control System of the present 
invention is that no central control unit is required for the 
operation of the actuators and Sensors. In accordance with 
the present invention, all coordination between actuators, 
Sensors, and other operation points, Such as gateways, moni 
tor points user interface point, or user input point, is accom 
plished acroSS the System through distributed control and 
without the need for a central controller. 

0072. When the wireless nodes are powered by battery 
power or Solar power, power conservation is important. To 
conserve power, the transceivers in the wireleSS nodes can 
remain powered down. However, to restore end-to-end net 
work connectivity, the nodes must all be active So that 
messages can be forwarded through the nodes. FIG. 6 is a 
flow chart illustrating the transceiver Synchronization opera 
tion according to one embodiment of the present invention. 
Referring to FIG. 6, in normal operation, the environmental 
monitoring and control System causes the transceivers of all 
the wireless nodes to power down (step 602). Then, when 
messages are to be transmitted, a Synchronization event is 
used to Synchronously bring all nodes out of a powered 
down state (step 604). The synchronization event can be 
time based, Such as a particular period or duration agreed to 
before the nodes are powered down. The Synchronization 
event can also be a combination of time and received 
wireleSS Synchronization messages. In this case, the wireleSS 
nodes wake up the receivers periodically to listen for a 
Synchronization message. The wireleSS nodes do not start 
relaying messages until after receiving the network wakeup 
Synchronization message. After a pre-defined period or the 
receipt of a power-down message, the wireleSS nodes will 
power down. 

0073. After the transceiver is activated (step 606), the 
transceiver in a wireleSS node determine if it has a message 
to send (step 608). If not, then the transceiver listens for 
incoming messages (step 610). If there is a message to be 
Sent, the transceiver determines the route to the destination 
(step 612). The transceiver then waits for available channel 
(step 614) and when a channel is available, the message is 
transmitted (step 616). The transceiver waits for receipt 
confirmation (step 618) from the destination node (step 
618). If confirmation is not received within the timeout 
period (step 620), then the transceiver returns to step 612 
and attempt transmission again. If confirmation is received, 
then the transceiver checks to see if the Synchronization has 
timed out (step 622). If So, the transceiver is powered down 
(step 624). If Synchronization has not yet timed out, then the 
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operation returns to step 608 where the transceiver deter 
mines if there is a message to be sent. 
0074 Accordingly to another aspect of the present inven 
tion, the wireleSS environmental monitoring and control 
System can be applied to Security applications. Thus, in an 
alternate embodiment, the Sensor nodes are implemented 
using Smoke detectors, infrared (IR) motion detection, ultra 
Sonic presence detection, and Security key detection. The 
actuator nodes can be implemented as alarms, Such as a bell 
alarm or a Visual alarm indicator. Detection of the presence 
of Smoke or motion can be transmitted as messages to the 
actuator nodes So that the events can be reported accord 
ingly. 

C. Scheduled Transmission for Power Saving 

0075 AS described above, the wireless nodes, whether a 
Sensor node or an actuator node, are typically battery pow 
ered or Solar powered and thus power conservation is 
critical. In accordance with one aspect of the present inven 
tion, a Scheduled transmission protocol is implemented in 
the environmental monitoring and control System for pro 
moting efficient power use and power conservation. 
0076. In one embodiment, the receiver nodes schedule all 
transmission slots. In the present description, the receiver 
nodes are those wireleSS nodes receiving transmission of 
messages. For example, the receiver nodes can be the 
actuator nodes receiving transmission of Sensor data and/or 
commands from respective Sensor nodes. The Sensor nodes 
Send meSSage packets at Scheduled times and the receiver 
node responds to transmissions with an acknowledge packet. 
The acknowledge packet contains the timing information for 
the Sensor nodes next Scheduled packet transmission and 
the next frequency of transmission (if frequency hopping is 
used). If the receiver node wants to communicate to the 
Sensor node, the receiver node Sends data/command packets 
to the Sensor nodes after receiving packets from the Sensor 
nodes, but before Sending the acknowledge packet that 
terminates the time slot. The benefit of this protocol is that 
the Sensor nodes and receiver nodes can Sleep until the next 
Scheduled transmission slot, Saving a tremendous amount of 
power. 

0077 Alternately, instead of having the receiver nodes 
Schedule the transmission slots, the Sender nodes can also 
function to provide Scheduling of the next transmission. In 
the present description, the Sender nodes are those wireleSS 
nodes that are transmitting messages. In this case, the Sender 
nodes Send as a message the timing information for the 
receiver nodes next Scheduled packet transmission. After 
the receiver nodes receive and acknowledge the message 
containing the timing information, the Sender node and the 
receiver nodes power down until the next Scheduled time 
slot. Furthermore, the Sender node and the receiver node can 
also negotiate the next Scheduled time slot. In one embodi 
ment, either the Sender node or the receiver node publishes 
to the other node its available timeslots. The node receiving 
the available timeslots information processes the informa 
tion and compares the information with its own available 
timeslot. A desired timeslot is Selected and the receiving 
node Sends an acknowledgement message to the Sending 
node to confirm the Selected timeslot. 

0078 Thus, according to the present invention, any pair 
of wireleSS nodes that want to communicate with each other 
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can Schedule a time slot on an ad hoc basis, depending on the 
response time requirements of the application. During the 
communication between a pair of nodes, the nodes deter 
mine the Start time of the next communication time So that 
the nodes do not have to use power with their receivers or 
transmitters on until the next Scheduled transmission time. 
The nodes can turn the power off to the transceiver until the 
next Scheduled transmission time. To further reduce power 
requirement, wireleSS nodes should maintain reasonably 
accurate time bases So that transmissions can be Synchro 
nized. The accuracy can be enhanced by timing Synchroni 
Zation packets that are broadcast through the System to all 
wireleSS nodes that want to Synchronize transmissions. To 
Support global broadcast packets, nodes can Schedule a time 
Slot when all nodes are listening. Broadcast packets Sent at 
this time can be received by all nodes listening. To assure all 
nodes in the network receive the broadcast packets, nodes 
that receive broadcast packets can re-transmit the broadcast 
packets for nodes that were not in range of the Source of the 
broadcast packet. Broadcast packets can optionally be 
acknowledged by the nodes that receive them. 

D. Wireless Sensor Probe Configurations 

0079 When the environmental monitoring and control 
System of the present invention is used for irrigation, it is 
desirable to have a Sensor node that can easily be installed 
in the ground to measure Soil moisture, temperature as well 
as other properties of the soil and air. FIG. 7 is a cross 
Sectional diagram illustrating a Sensor node according to one 
embodiment of the present invention and the installation of 
the sensor node in the ground. Referring to FIG. 7, a sensor 
node 750 is inserted into the Soil 755. Sensor node 750 
includes a collar 752 extends out from a housing or a probe 
body 751 of the sensor node for anchoring the sensor node 
above the soil. Also, collar 752 serves to protect the sensor 
node from encroachment by Surrounding plants, reduce the 
buildup of water around the probe, and reduce grass shading 
of the probe. Collar 752 may be attached to sensor node 750 
or it may be loose or free floating. Sensor node 750 also 
includes a gasket 756 that extends out from the surface of 
sensor body 751. Gasket 756 serves to increase the contact 
force with the Surrounding Soil improving the Stability of the 
installed Sensor node and reducing the possibility that water 
will flow down along the side of the sensor body. Gasket 756 
is in the shape of a ring, Such as a rubber ring. In the present 
embodiment, sensor node 750 further includes a gasket 758. 
Gasket 758 is a gasket structure with an angular shape. The 
angular gasket Structure has a top portion facing the top of 
the probe body, a bottom portion facing the bottom of the 
probe body and a side portion having tapered width where 
the width decreases from the top portion to the bottom 
portion. Gasket 758 aids in the insertion of sensor node 750, 
but prevents the Sensor node from being pushed up out of the 
Soil by regular expansion cycles. In other embodiments, the 
Sensor node may include only one gasket. 
0080. In the present embodiment, sensor node 750 further 
includes raised structure 760 for housing the sensor com 
ponent. The raised Structure improves the contact force 
between the Sensor and the Soil. The raised Structure also 
improves the stability of the sensor node in the soil. 
0081. According to another embodiment, the sensor node 
is implemented using a separable probe body in order to 
protect Sensitive components during installation of the Sen 
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Sor node. FIGS. 8 and 9 are two embodiments of a sensor 
node of the present invention constructed using Separable 
probe body. Referring to FIG. 8, a sensor node includes a 
probe body 854 formed with a gasket 852. The probe body 
can be inserted into the Soil before the Sensor circuitry, 
formed in the form of a sensor mast 856 is inserted into 
probe body 854. The top part 850 of probe body 854 
includes Solar cells formed on the top and a data display and 
battery slots on the bottom. The data display can be an LED 
or an LCD display. A connection to the Sensor mast is also 
provided. Referring to FIG. 9, a sensor node includes a 
probe body 954 with a top part 950. A sensor mast 952, 
containing the Sensor, the related circuitry and the power 
circuitry, is formed separate from probe body 954 and can be 
inserted in probe body 954. During installation, probe body 
954, without the sensor mast, is hammered or pressed into 
the Soil. After the probe body insertion is complete, Sensor 
mast 952 can be inserted into probe body 954 to complete 
the installation. In this manner, the Sensor node can be 
inserted into the Soil without damaging the antenna, the Solar 
cells, the electronics or other Sensitive components on the 
Sensor mast. Agasket (not shown) can be provided on Sensor 
mast 952 to anchor the sensor mast to the inner perimeter of 
the probe body and to Seal the Space between the mast and 
the probe body. The removable top part 950 can then be put 
in place to enclose the Sensor node. The top part can attach 
by a Screw mount, bayonet type mount, or a flanged mount 
that allows the electrical connections between the top piece 
and the probe body to be made automatically. In FIG. 9, top 
part 950 can further include a LCD display (not shown) for 
displaying operating data of the Sensor. 

0082 FIGS. 10A and 10B illustrate differential embodi 
ments of the sensor nodes of the present invention. In FIG. 
10A, the top part of the sensor node includes a PC board 
housing the antenna, the transceiver and the processor 
circuitry. The battery slot is provided in the body of the 
Sensor mast. In this embodiment, moisture Sensors are 
incorporated in the Sensor mast at the bottom of the probe 
body. In FIG. 10B, the top part of the sensor node includes 
a PC board housing the antenna, the transceiver and the 
processor circuitry and a compartment for the battery. A 
Series of moisture Sensors are installed in the body of the 
SenSOr maSt. 

0083) In FIGS. 8 and 9, the probe body assumes a 
circular shape. However, in other embodiment, the Sensor 
body can take other shapes as well to Suit the needs of the 
installation. FIG. 11 illustrates variations on the probe body 
configuration. Referring to FIG. 11, a rectangular probe 
body 1100, a hexagonal probe body 1102, a round or circular 
probe body 1104, a triangular probe body 1106 and a 
cross-beam probe body 1108 are shown. No matter what the 
shape the probe body assumes, a collar and a gasket can be 
used to anchor and Secure the Sensor node. 

0084. The sensor component can be implemented using 
any Suitable Sensor types. For example, thin film resistive 
moisture Sensor or thin film capacitive moisture Sensor can 
be used. 

E. RF Based Positioning and Intrusion Detection 

0085. With an array of wireless network nodes, it is 
beneficial to know the relative physical position of the nodes 
to assist in message routing and also to know the location of 
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the actuators and Sensors associated with the wireleSS nodes. 
According to another aspect of the present invention, the 
wireleSS environmental monitoring and control System pro 
vides positioning determination by measurement of the RF 
power received from each node and the RF power sent from 
each node. Specifically, because RF power drops off by the 
Square of the distance from the Source, the measurement of 
the RF power of a received signal defines a distance radius 
around the receiver where the Source can be located. By 
triangulating the measured RF power from multiple wireleSS 
nodes, the position of the wireleSS nodes can be determined. 
In one embodiment, the processor in each wireleSS node 
monitors the fall of the power level as the object passes 
between nodes. 

0.086. In one embodiment, a wireless node sends out a 
measurement signal with a message containing the measured 
transmit power. Each node that receives the measurement 
Signal measures the power and reports it back to the trans 
mitter node. Each node in the network transmits a measure 
ment Signal at different times. Each receiving node Sends the 
transmitter node the received power information and the 
transmitter processes the power information to determine the 
range of each receiving node. The range information is 
broadcast back to all receiving nodes. Each node Stores the 
range information from the nodes that it receives data from 
and uses it to calculate the relative position of each node in 
the network. To interpret the relative positions into physical 
positions, it is necessary to know the physical position of at 
least two nodes in the network. This is used to orient and 
Scale the relative positions. 
0.087 According to yet another embodiment of the 
present invention, the environmental monitoring and control 
System is configured for occupancy detection or intrusion 
detection. In this embodiment, the RF transceivers of the 
wireleSS nodes are used as Sensors to detect the movement 
of objects in the regions between wireless nodes. FIG. 12 is 
a Schematic diagram illustrating the use of the environmen 
tal monitoring and control System of the present invention 
for occupancy detection. Referring to FIG. 12, an object 
1220 is in a position between a wireless node 1206 and a 
wireless node 1212. This position affects the measured RF 
power level of signals sent between the two nodes. By 
measuring the RF power levels of Signals Sent between all of 
the nodes in the network and identifying large changes, it is 
possible to estimate the location and motion of objects in the 
region. The detection can be further enhanced by correlating 
the measurements of the nodes to reduce false alarms and 
improve precision of the position estimate. To enhance the 
quality of the detection, it is desirable to know the physical 
location of each of the transceivers in the network. This can 
be measured during installation or automatically estimated 
from RF power measurements as detailed above. 

F. Two-Wire Control of Sprinkler System 
0088 According to another aspect of the present inven 
tion, a two-wire control System and method for interfacing 
environmental Sensors or other irrigation control data to a 
timer-based sprinkler controller is described. The two-wire 
control System allows a wireleSS Sensor network to be 
incorporated into existing irrigation Systems including a 
central Sprinkler controller. The two-wire control System 
enables precise control over irrigation times for individual 
Zones within a full Sprinkler controller cycle. Furthermore, 

May 27, 2004 

the two-wire control system enables the control of on/off and 
duration functions for individual Zones of an automatic 
Sprinkler controller. In one embodiment, the two-wire con 
trol System includes a single relay inserted into the common 
line return of a timer-based Sprinkler controller and a Sensing 
circuit coupled to monitor the Voltage or current on the 
common line. The two-wire control System enables precise 
control of irrigation durations for individual Zones in an 
irrigation cycle. 

0089 Existing automatic sprinkler controllers for resi 
dential and commercial applications are typically wired So 
that the sprinkler controller provides 24VAC drive signals to 
each valve in the System by Switching one Side of the 
two-wire connection to the valve. The other side/wire to the 
valve is connected together with the “common line of all 
other valves. In this Setup, each valve in the System has a 
Single independent connection to the controller and another 
connection that is common with all of the other valves in the 
System. 

0090 When an environment sensor is incorporated in 
Such a Sprinkler controller System, the Sensor data inputs 
typically operate to completely override the on/off/Zone 
duration information of the sprinkler controller. For 
example, if a rain Sensor detects rainfall it will completely 
block the irrigation controller from applying water for a 
duration determined by the rain Sensor. This is typically 
implemented by inserting a relay into the common path and 
breaking the circuit to block irrigation cycles and making the 
circuit to enable irrigation cycles. The conventional Sensor 
data integration method thus operates to disable all Zones for 
the duration. 

0091. However, with the two-wire control system of the 
present invention, it is possible to adjust the on/off and 
duration of each irrigation Zone to provide more precise 
control of the water applied to a particular Zone. This is 
particularly useful when Soil moisture Sensors are used or 
other weather forecasting and control algorithms are used 
where it is beneficial to be able to adjust the duration as well 
as the on/off of each irrigation Zone. 
0092. In one embodiment, the two-wire control system 
interfaces Sensors/auxiliary decision information to an exist 
ing automatic Sprinkler System So that precise control of 
on/off and duration of individual Zones in an irrigation cycle 
is attained. FIG. 13 is a block diagram of an automatic 
sprinkler system 1300 incorporating the two-wire control 
System according to one embodiment of the present inven 
tion. Referring to FIG. 13, sprinkler system 1300 includes 
a timer-based sprinkler controller 1302. Sprinkler controller 
1302 provides irrigation control of Zone no. 1 to Zone no. N. 
Thus, sprinkler controller 1302 includes a first set of wires 
coupled to the Zone control nodes 1 to N for providing the 
24V drive signal to the respective valves no. 1 to N. A 
common line 1304 connects a common node 1304 to all the 
Valves for establishing the common return path. 
0093 Sprinkler system 1300 includes a two-wire control 
system 1305 for providing precision on/off or duration 
control of each irrigation Zone controlled by Sprinkler con 
troller 1302. In two-wire control system 1305, a relay 1306 
is inserted into the path of common line 1304 to provide 
on/off control based on Sensor or auxiliary control data. 
Relay 1306 can be provided outside of the housing of 
sprinkler controller 1302 or within the controller unit itself. 
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0094. Two-wire control system 1305 further includes a 
Sensing circuit 1308 for monitoring the Start and Stop cycles 
of each Zone So that the System can precisely Switch the 
individual valves on/off to control the duration within the 
interval defined by the irrigation controller. In the present 
embodiment, sensing circuit 1308 is coupled to the common 
line and the System monitors the Start and Stop times of each 
Zone by measuring the Voltage and/or current on the “com 
mon line' of the valves. Specifically, the Sensing circuit 
detects the assertion and deassertion of the valves by mea 
Suring the Voltage and/or current on the common line of the 
valves. 

0.095. In another embodiment, the sensing circuit can be 
coupled to each of the control line of the Zones. The System 
thus monitors the Start and Stop times of each Zone by 
measuring the Voltage and/or current on each individual 
control line for the valves. Transitions of voltage and/or 
current on the “common line' or control lines are used to 
determine the Start/stop of each irrigation Zone. Knowing the 
Start and Stop time of the control Signal for each of the valves 
enables the control of the relay on the common line to enable 
each individual Zone for any duration within the maximum 
time for that Zone set by the irrigation controller. Two-wire 
control system 1305 further includes a relay controller 1310 
receiving the Sensor or auxiliary data input and providing a 
control signal to relay 1306 for controlling the irrigation 
cycle of each Zone. 
0.096 FIG. 14 is a timing diagram illustrating the opera 
tion of sprinkler system 1300 according to one embodiment 
of the present invention. In FIG. 14, the control line for Zone 
no. 1 is asserted at time T1 (see curve ZoneCtlif1) and the 
common line experience an OFF to ON transition. Control 
system 1305 detects that Zone no. 1 is being turned on as 
triggered by sprinkler controller 1302. Relay controller 1310 
determines based on the Sensor control data input that Zone 
no. 1 should be turned on for the full duration. Thus, relay 
controller 1310 turns on relay 1306 so that the valve for Zone 
no. 1 is turned on, as shown by the curve labeled ZONEff1. 
0097. At time T2, the control line for Zone no. 2 is 
asserted (see curve ZoneCtl#2) and an OFF to ON transition 
occurred on the common line. For this irrigation Zone, relay 
controller 1310 determines that the irrigation duration for 
the Zone can be shortened to maintain effective moisture 
levels. Thus, relay 1306 is only turned on for a short time 
and is turned off at time T3 which as the effect of turning off 
the valve for Zone no. 2 (see curve ZONEH2). In this manner, 
two-wire control system 1305 shortens the irrigation cycle 
for a specific Zone. 
0098. At time T4, the control line for Zone no. 3 is 
asserted (see curve ZoneCtl#3) and an OFF to ON transition 
occurred on the common line. For this irrigation Zone, relay 
controller 1310 determines that the irrigation cycle should 
be terminated entirely. Thus, relay 1306 is not turned on at 
all and the irrigation cycle for Zone no. 3 is entirely disabled 
(see curve ZONE#3). 
0099. At time T5, the control line for Zone no. N is 
asserted (see curve ZoneCtl#N) and an OFF to ON transition 
occurred on the common line. For this irrigation Zone, relay 
controller 1310 determines that the irrigation duration 
should be shortened. Thus, relay 1306 is only turned on for 
a short time and is turned off at time T6 which as the effect 
of turning off the valve for Zone no. N (see curve ZONEHN). 
The irrigation cycle for Zone no. N is thus shortened. 
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0100. In summary, control system 1305 detects the first 
transition on the common line (turn-on) or control line, 
triggered by the irrigation controller to determine the turn 
ing-on of a particular Zone. The transition can be detected 
either by detecting discontinuities in the Voltage on the 
common/control lines or by detecting discontinuities in the 
current through the common/control lines. The next transi 
tion on the control lines corresponds to the turning-off of the 
Zone. In this manner, the control System keeps track of the 
Start time and the duration of control Signal for each valve. 
Relay 1306 is thus able to control the interval of each Zone 
from the full duration set by the irrigation controller down 
to 0 Seconds. 

0101. In one embodiment, detection of the voltage on the 
common line or the control lines can be achieved through the 
use of a transistor or operational amplifier that Saturates 
when the potential difference on the two contacts of the open 
relay exceed a specified threshold. Detection of the current 
in the common line or the control lines can be achieved 
either by an inductively coupled current detector or by 
measuring the Voltage differential across an in-line resistor. 
0102) The sensor or auxiliary control data can include 
data from moisture Sensors, temperature Sensors, or weather 
measurement SenSOrS. 

0103). According to another embodiment of the present 
invention, a Sprinkler controller can incorporate a relay in 
Series with the common line. In that case, the two-wire 
control System of the present invention includes a Sensing 
circuit for Sensing the on-off duration of each irrigation Zone 
and a relay controller coupled to control the relay in the 
Sprinkler controller based on Sensor and auxiliary control 
data. 

0104 Furthermore, according to another embodiment of 
the present invention, the Sensing circuit of the control 
System is used to learn the programming of the Sprinkler 
controller that is driving the valves. Basically, the Sensing 
circuit enables the control System to learn the Start time and 
the duration of each individual Zone in the cycle. For 
example, irrigation cycles can Start at 4:00AM on Monday, 
Wednesday and Saturday. This cycle can have independent 
durations for each Zone in the cycle. The controller can also 
have other programmed cycles that Start at a different time, 
different period and with different durations. For example, 
an irrigation cycle can start on 10:00AM every other day and 
with different durations for each Zone. The Sensing circuit of 
the present invention monitors the common line and uses the 
ON-OFF transitions on the common line to learn the pro 
gramming of the Sprinkler controller over time. The control 
System can use the Sprinkler programming information to 
determine the best time to enable an irrigation cycle, in 
addition to the Soil moisture and other Sensor data. 

0105 The above detailed descriptions are provided to 
illustrate Specific embodiments of the present invention and 
are not intended to be limiting. Numerous modifications and 
variations within the Scope of the present invention are 
possible. The present invention is defined by the appended 
claims. 

I claim: 

1. A method for providing environmental monitoring and 
control, the method comprising: 
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providing a plurality of wireleSS nodes, the plurality of 
wireleSS nodes includes a plurality of Sensor nodes and 
a plurality of actuator nodes, each wireleSS node includ 
ing a wireless transceiver, a processor and one of a 
Sensor device or an actuator device; 

Sending a message from a first wireleSS node to a Second 
wireleSS node through wireleSS communication; and 

processing the message at the Second wireleSS node, 
wherein the message comprises Sensor data or a control 
command operative to control the Sensor device or the 
actuator device in the Second wireleSS node. 

2. The method of claim 1, wherein the second wireless 
node comprises a Sensor node and the message comprises a 
command to request Sensor data, the method further com 
prises: 

collecting Sensor data at the Second wireleSS node, and 
transmitting the Sensor data to a destination node in 

accordance with the message. 
3. The method of claim 1, wherein the second wireless 

node comprises an actuator node and the message comprises 
a control command for controlling the actuator device, the 
method further comprises: 

controlling the actuator device in response to the message. 
4. The method of claim 1, wherein Sending a message 

from a first wireleSS node to a Second wireleSS node through 
wireleSS communication comprises Sending a request mes 
sage from the first wireless node being an actuator node to 
the Second wireleSS node being a Sensor node, the method 
further comprising: 

transmitting Sensor data from the Second wireleSS node to 
the first wireleSS node upon receipt of the request 
meSSage. 

5. The method of claim 1, wherein Sending a message 
from a first wireleSS node to a Second wireleSS node through 
wireleSS communication comprises: 

Sending the message from a first wireleSS node to a third 
wireleSS node, and 

Sending the message from the third wireleSS node to the 
Second wireleSS node, 

wherein the third wireleSS node comprises a Sensor node 
or an actuator node. 

6. The method of claim 5, wherein the plurality of 
wireleSS nodes further includes a repeater node for relaying 
messages between the wireleSS nodes, the third wireleSS 
node being the repeater node. 

7. The method of claim 1, wherein the first wireless node 
comprises a Sensor node and the Second wireleSS node 
comprises an actuator node, and wherein Sending a message 
from a first wireleSS node to a Second wireleSS node through 
wireleSS communication comprises: 

collecting Sensor data at the Sensor node, 
processing the Sensor data to generate a control command; 

and 

Sending a message containing the control command to the 
Second wireleSS node for controlling the actuator device 
of the Second wireleSS node. 
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8. The method of claim 1, further comprises: 
Sending a message including Sensor data from a third 

wireleSS node to the Second wireleSS node, the first, 
Second and third wireleSS nodes being Sensor nodes; 

receiving messages including Sensor data at the Second 
wireless node from the first and the third wireless 
nodes; 

processing the Sensor data to generate a control command 
for a destination actuator node, and 

Sending the control command to the destination actuator 
node. 

9. The method of claim 1, wherein the first wireless node 
and the Second wireleSS node comprise a first and a Second 
actuator node, the first wireleSS node Sending the message to 
the Second wireleSS node for coordinating a sequence for 
actuating the respective actuator device. 

10. The method of claim 1, further comprising: 
transmitting messages from the plurality of Sensor nodes 

to one or more wireleSS nodes on a periodic time basis, 
the messages comprising Sensor data or control com 
mands. 

11. The method of claim 1, further comprising: 
transmitting messages including Sensor data from all of 

the plurality of Sensor nodes to one or more wireleSS 
nodes; 

processing the Sensor data at the one or more wireleSS 
nodes, wherein each of the one or more wireleSS nodes 
processes the Sensor data associated with the respective 
wireleSS node, and 

generating control commands at the one or more wireleSS 
nodes based on the associated Sensor data. 

12. The method of claim 1, further comprising: 
turning off the wireless transceivers of the plurality of 

wireleSS nodes, and 
turning on the wireleSS transceivers of the plurality of 

wireleSS nodes Synchronously to transmit and receive 
meSSageS. 

13. The method of claim 12, wherein turning on the 
wireleSS transceivers of the plurality of wireleSS nodes 
Synchronously comprises: 

turning on the wireleSS transceivers of the plurality of 
wireleSS nodes based on a predetermined time Sched 
ule. 

14. The method of claim 12, wherein turning on the 
wireleSS transceivers of the plurality of wireleSS nodes 
Synchronously comprises: 

turning on the wireleSS transceivers of the plurality of 
wireleSS nodes periodically to listen for a Synchroniza 
tion command; and 

turning on the wireleSS transceivers of the plurality of 
wireleSS nodes to transmit and receive messages when 
a Synchronization command is received. 

15. The method of claim 1, further comprising: 
Sending an acknowledgement message from the Second 

wireless node to the first wireless node. 
16. The method of claim 1, wherein the first wireless node 

comprises a Sensor node, the method further comprising: 
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collecting Sensor data from the Sensor device of the first collecting Sensor data from the Sensor device of the first 
wireleSS node, and wireleSS node, 

Sending the message including the Sensor data to the integrating Sensor data over a period of time; and 
Second wireleSS node as Sensor data is collected. Sending the message including the integrated Sensor data 

to the Second wireleSS node. 
17. The method of claim 1, wherein the first wireless node 

comprises a Sensor node, the method further comprising: k . . . . 

IPR2023-00624 Page 00026




