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SYSTEMIS AND METHODS FOREMULATING 
A DESIRED SET OF GARDEN PARAMETERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of, and priority 
to, U.S. Provisional Patent Application Ser. Nos. 62/030,559, 
filed Jul. 29, 2014; 62/030,566, filed Jul. 29, 2014; 62/030, 
568, filed Jul. 29, 2014; and 62/030,573, filed Jul. 29, 2014: 
the entire disclosures of which are incorporated herein by 
reference. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The embodiments described herein generally relate 
to the field of electronic information management, and more 
particularly to the dynamic collection, analysis, and regula 
tion of various garden parameters. 
0004 2. Description of the Related Art 
0005. As of 2011, the global gardening and outdoor living 
industry was already worth a staggering S187 billion. In 
North American alone, sales of plants, seeds, and other gar 
den paraphernalia reached nearly $58 billion. These statistics 
are compelling evidence of mankinds affinity toward Verdant 
foliage and vibrant blossoms. Indeed, many millions of 
Americans, whether or not they consider themselves garden 
ing enthusiasts, are engaged in Some form of lawn care and 
gardening activities. There are tens of millions of acres of 
residential lawns in the United States. Even households that 
do not have access to residential lawns are keen to install 
planters, and to find alternative, Smaller scale ways to culti 
vate plants both indoors and outdoors. 
0006 But maintaining a garden has also become an 
increasingly difficult and unattainable endeavor in recent 
years. For one, global climate changes have made it harder to 
create and Sustain the various conditions required for differ 
ent plants to survive. While weather conditions (e.g., tem 
perature, Sunlight, and rainfall) often fluctuate outside of 
historical norms and sometimes to extremes, plants typically 
need very steady and specific levels of moisture, heat, and 
light exposure. Consequently, even seasoned horticulturists 
are struggling to create and maintain ideal plant habitats. 
Furthermore, gardening is also now a much more costly pur 
Suit. Many regions around the world experience severe and 
chronic drought conditions, and water has become a more 
precious commodity than ever before. The rates for water in 
the United States, for instance, have increased drastically in 
recent years (e.g., 75% between 2000 and 2012) as have the 
fines and penalties for over- and misusage of water. Mean 
while, the water shortages that plague many parts of the 
country, Such as California, are not expected to abate any time 
SOO. 

0007 Temperamental weather and soaring water costs are 
just a few of the challenges that overwhelm conventional 
gardening methods. Under- and overwatering, for example, 
are a persistent and pricey problem because most households 
program their sprinkler systems according to a static schedule 
or frequency, causing plants to be watered regardless of cur 
rent moisture levels in the soil or imminent rainfall. In addi 
tion, gardens tend to be individually unique ecosystems, 
although the differences are often incredibly nuanced and 
hardly perceptible to the average person. Very often, a plant 
that flourishes in one location will mysteriously flounder in 
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another. Alice, for example, can fail to grow peonies in her 
garden even though the same type of plant thrives in her 
neighbor Bob's yard. This is because conventional 
approaches to gardening disregard particularized and real 
time data with respect to each individual garden ecosystem. 
Plant care guidelines, which are typically found on placards 
that accompany commercially available plants, provide only 
very general recommendations (e.g., light exposure, type of 
fertilizer, and watering and feeding frequency). But based on 
these types of instructions alone, it is still virtually impossible 
to systematically recreate an ideal growing environment. So 
more often than not, for the average person, successfully 
growing a plant often entails an interminable and frustrating 
Succession of trial and error. 

SUMMARY 

0008 Systems and methods for dynamically collecting, 
analyzing, and regulating garden parameters are described 
herein. These and other features, aspects, and embodiments 
are described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 Features, aspects, and embodiments are described in 
conjunction with the attached drawings. 
0010 FIG. 1 is a diagram illustrating an embodiment of a 
system for dynamically collecting, analyzing, and regulating 
garden parameters. 
0011 FIG. 2 is a diagram illustrating an embodiment of a 
system for dynamically collecting, analyzing, and regulating 
garden parameters. 
0012 FIG.3 is a flowchart illustrating an embodiment of a 
process for dynamically collecting, analyzing, and regulating 
garden parameters. 
0013 FIG. 4A is a diagram illustrating an embodiment of 
a control system. 
0014 FIG. 4B is a flowchart illustrating an embodiment of 
a process for making plant recommendations. 
0015 FIG. 5 illustrates an example of a computing envi 
ronment including a computing device Suitable for use in 
Some embodiments. 
0016 FIG. 6 illustrates an example of a sensor platform. 
0017 FIG. 7 illustrates an example of a sensor component 
for measuring the resistance of a soil. 

DETAILED DESCRIPTION 

0018. The invention may be implemented in numerous 
ways, including but not limited to implementation as a pro 
cess; an apparatus; a system; a composition of matter, a 
computer program product embodied on a computer readable 
storage medium; and a processor, Such as a processor config 
ured to execute instructions stored on or provided by a 
memory coupled to the processor. These implementations, or 
any other embodiments, may be referred to as techniques. In 
general, the order of the steps of disclosed processes may be 
altered unless specified otherwise or otherwise clear from 
context. Unless Stated otherwise, a component Such as a pro 
cessor or a memory described as being configured to perform 
a task may be implemented as a general component that is 
temporarily configured to perform the task at a given time or 
a specific component that is manufactured to perform the 
task. As used herein, the term “processor refers to one or 
more devices, circuits, or processing cores configured to pro 
cess data, Such as computer program instructions. 
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0019. A detailed description of one or more embodiments 
is provided below along with accompanying figures. The 
invention is described in connection with Such embodiments, 
but the invention is not limited to any specific embodiment. 
The scope of the invention is limited only by the claims and 
the invention encompasses numerous alternatives, modifica 
tions, and equivalents. Numerous specific details are set forth 
in the following description in order to provide a thorough 
understanding of the invention. These details are provided for 
the purpose of example and the invention may be practiced 
according to the claims without some or all of these specific 
details. For the purpose of clarity, technical material that is 
known in the technical fields related to the invention has not 
been described in detail so that the invention is not unneces 
sarily obscured. 

Setup and Configuration 

0020 FIG. 1 is a diagram illustrating an embodiment of a 
System 100 for dynamically collecting, analyzing, and regu 
lating garden parameters. Although the term 'garden' is used 
throughout, it is to be understood that the systems and meth 
ods described herein are applicable to and can be used in any 
area or location where plants are grown or to be grown, 
including but not limited to orchards, lawns, nurseries, plant 
ers, fields, parks, etc. As shown in FIG. 1, in some of the 
embodiments described herein, System 100 may comprise a 
Cloud Platform 110, which may communicate with a Router 
120 via Network 130. In various embodiments, Network 130 
may be the Internet, and can include wireless and wired 
WANs, LANs, or PANs. In some of the embodiments 
described herein, Router 120 may also communicate with 
Sensor 140 or Controller 150. In various embodiments, 
Router 120 may communicate with Sensor 140 or Controller 
150 via a wireless connection. In various embodiments, 
Router 120 may communicate with Sensor 140 or Controller 
150 using a WiFi connection. It is to be understood that in 
various other embodiments of System 100 not shown in FIG. 
1, Router 120 may communicate with any appropriate, 
required, or desired number (e.g., two or more) of sensors 
(e.g., Sensor 140) or controllers (e.g., Controller 150). It is 
also to be understood that Controller 150 is optional and in 
some embodiments of System 100 not shown in FIG. 1, 
System 100 may operate without Controller 150. Finally, it is 
to be understood that, in various embodiments, the function 
alities of Sensor 140 and Controller 150 may be integrated 
into a single hybrid device or apparatus. 
0021. In various embodiments, Sensor 140 may be con 
figured to take one or more measurements in order to generate 
Data 160. For example, in various embodiments, Sensor 140 
may be capable of measuring temperature, light, and mois 
ture. Meanwhile, in various embodiments, Data 160 may 
include at least one real time garden parameter, including but 
not limited to Soil moisture, soil salinity, Soil temperature, Soil 
pH, external temperature, external humidity, and light expo 
sure. In various embodiments, Sensor 140 may be configured 
to take measurements according to a predetermined or to a 
dynamic schedule or frequency. Furthermore, in various 
embodiments, Sensor 140 may also be configured to transmit 
Data 160 to Router 120. In some embodiments, Data 160 may 
be transmitted to Router 120 in real time. In other embodi 
ments, Data 160 may be transmitted to Router 120 at preset 
intervals (e.g., hourly, daily, weekly) or at variable intervals, 
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which can change dynamically based on one or more factors 
Such as user input or the frequency of measurements taken by 
Sensor 140. 

0022. In some embodiments, Controller 150 may be con 
figured to control sprinkler Valve 170. In various embodi 
ments, Controller 150 may receive signals from Router 120 
that includes commands or instructions to open and to close 
Valve 170. In various embodiments, based on the instructions 
from Router 120, Controller 150 may then instruct Valve 170 
to open or to close. In some embodiments, Valve 170 may be 
a solenoid valve, a type of valve that is commonly found in 
various residential and commercial sprinkler systems. In 
some embodiments, Controller 150 may be particularly well 
Suited to controlling Solenoid valves. In some embodiments, 
Controller 150 may directly cause Valve 170, a solenoid 
valve, to open and to close by modulating the electric current 
that controls the valve. Thus, in some embodiments, Control 
ler 150 does not operate by regulating the water supply to 
Valve 170, but rather by modulating an electric current. 
Advantageously, in some embodiments, since Controller 150 
may modulate the electric signals instead of the water flow to 
Valve 170, Controller 150 may be installed quickly and effort 
lessly without disrupting any of the existing pipelines con 
nected to Valve 170. In some embodiments, Controller 150 
may be installed as an addition to an existing, conventional 
sprinkler controller system. In various embodiments, Con 
troller 150 and Valve 170 may be integrated into a single 
hybrid device or apparatus. 
0023. In various embodiments, Router 120 may be con 
figured to communicate with Cloud Platform 110 through 
Network 130. In various embodiments, Router 120 may be 
configured to transmit data to Cloud Platform 110. As dis 
cussed earlier, in various embodiments, Router 120 may 
receive Data 160 (e.g., garden parameters) from Sensor 140. 
In various embodiments, Router 120 may then transmit Data 
160 to Cloud Platform 110. In various embodiments, Router 
120 may also be configured to receive Data 161 from Cloud 
Platform 110. As discussed earlier, Router 120 may transmit 
signals to Controller 150. In particular, Router 120 may trans 
mit signals directing Controller 150 to cause Valve 170 to 
open and to close. In various embodiments, Router 120 may 
transmit to Controller 150 signals which it receives from 
Cloud Platform 110. In various embodiments, Cloud Plat 
form 110 may analyze data, such as Data 160, in order to 
determine or to generate Data 161. For example, in some 
embodiments, Cloud Platform 110 may analyze various gar 
den parameters (e.g., soil moisture, Soil salinity, Soil tempera 
ture, soil pH, external temperature, external humidity, light 
exposure) to determine whether or when to turn on (or off) 
Valve 170. In various embodiments, Data 161 may include 
data that is generated by applying one or more statistical 
analysis techniques to Data 160, including but not limited to 
extrapolating, interpolating, averaging, or segmenting Data 
160. In some embodiments, Cloud Platform 110 may further 
receive Data 162. In various embodiments, Data 162 may 
come from any appropriate source or sources, and may 
include additionally relevant data such as the weather fore 
cast. In some embodiments, Data 162 may include historical 
data and collective data (e.g., past or present garden param 
eters from multiple users). In some embodiments, Data 161 
may include possible future garden parameters forecasted 
based at least in part on Data 160 and Data 162. In various 
embodiments, Data 162 may also include user inputs, such as 
instructions, commands, and any other appropriate types of 
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user feedback. For example, in various embodiments, users 
may be able to input and transmit to Cloud Platform 110 real 
life observations (e.g., moistness of the soil, health of plants) 
and, as will be discussed in more detail below, preferences 
(e.g., preferred plants, budgets). In various embodiments, 
Cloud Platform 110 may generate or determine Data 161 
based on an analysis of one or both of Data 160 and Data 162. 
0024. In addition to Router 120, FIG. 1 further shows that 
in various embodiments, Cloud Platform 110 may also com 
municate with Device 181 and Device 182 via Network 130. 
In various embodiments, Devices 181 and 182 may be any 
appropriate type of computing and communication device, 
including but not limited to a smartphone, tablet PC, or per 
sonal computer. In various embodiments, Device 181 and 
Device 182 may each be capable of hosting Application 190. 
For example, in some embodiments, users may download and 
install Application 190 onto their respective devices of choice 
(e.g., Device 181, Device 182). In various embodiments, 
Application 190 may allow various users to communicate 
with Cloud Platform 110, including by sending, receiving, 
and otherwise interacting with various types of data. In par 
ticular, in some embodiments, Cloud Platform 110 may be 
capable of collecting and analyzing data, Such as Data 160, 
from different gardens and over extended periods of time. In 
addition, in some embodiments, Cloud Platform 110 may 
keep track of the current status of one or both of Controller 
150 and Valve 170. Thus, in various embodiments, users may 
use Application 190 to interact with (e.g., view) current, 
historical, and collective sets of data. 
0025. In various embodiments, users may also use Appli 
cation 190 to see the current status of their respective sprin 
kler systems (e.g., is Valve 170 open or closed). In various 
embodiments, Cloud Platform 110 may transmit one or more 
alerts, notifications, or recommendations to the user via 
Application 190. For example, based on Data 160 (e.g., gar 
den parameters measured by Sensor 140) and Data 162 (e.g., 
historical data and collective data from different users, 
weather, forecasted garden parameters, user inputs, etc.), 
Cloud Platform 110 may generate and transmit to the user an 
alert, notification, or recommendation that instructs the user 
to perform one or more actions in order to achieve certain 
garden parameters. In various embodiments, Cloud Platform 
110 may recommend actions such as adding additives (e.g., 
fertilizers to change the pH or salinity in the Soil), applying 
mulch (e.g., to control moisture level and soil temperature), 
and covering the plants (e.g., to encourage a more humid 
environment). 
0026. In some embodiments, Application 190 may pro 
vide one or more options for users to change or to override the 
current status of their respective sprinkler systems. That is, in 
Some embodiments, a user may request, through Application 
190, that Controller 150 force shuts Valve 170. However, as 
described earlier, it is to be understood that System 100 may, 
in various embodiments, also operate without Controller 150. 
In some embodiments, Controller 150 is optional equipment. 
In those embodiments where Controller 150 is not installed or 
is not in use, instead of sending commands or instructions to 
Controller 150 to turn on (and off) Valve 170, Cloud Platform 
110 may transmit alerts, notifications, or recommendations to 
Device 181 or Device 182 instructing the user to manually 
turn on (and off) Valve 170. 
0027 Sprinkler systems are typically installed based on a 
multi-Zone paradigm. That is, a planted area (e.g., garden, 
lawn, field, golf course) is divided into different Zones and 
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each sprinkler valve (or group of Sprinkler valves) in the 
sprinkler system is designated to service a separate Zone. 
Since each sprinkler valve (e.g., Valve 170) may require a 
separate controller (e.g., Controller 150) in the various 
embodiments of System 100 described with respect to FIG. 1, 
System 100 is ideally suited for a planted area with a rela 
tively small number (e.g., two or fewer) Zones. However, 
System 100 may nonetheless be used for a planted area with 
any number of Zones. 
0028 FIG. 2 is a diagram illustrating an embodiment of a 
System 200 for dynamically collecting, analyzing, and regu 
lating garden parameters. In various embodiments, System 
200 is ideally suited for a planted area with a larger number of 
Zones (e.g., more than two), though it may also be used for a 
planted area with fewer Zones. As shown in FIG. 2, in some of 
the embodiments described herein, System 200 may com 
prise a Cloud Platform 210, which may communicate with a 
wireless Router 220 via Network 230. Meanwhile, according 
to FIG. 2, in some of the embodiments described herein, 
Router 220 may further communicate with a Hub 240. In 
various embodiments, Hub 240 may be WiFi-enabled and 
may communicate with Router 220 via a WiFi link. In various 
embodiments, Hub 240 may also communicate with Sensor 
250. In various embodiments, Hub 240 and Sensor 250 may 
be capable of communicating over a low-power, Sub-GHZ 
link. In some embodiments, Hub 240 may communicate with 
Sensor 250 via a 900 MHz long distance radio link. In con 
trast to System 110, which was described with respect to FIG. 
1, in various embodiments of System 200, Sensor 250 may 
not be required to communicate directly with Router 220 over 
a WiFi link. Instead, in various embodiments of System 220, 
Hub 240 may act as a broker or intermediary that centralizes 
the communication of various types of data between Router 
220 and Sensor 250. In the various embodiments of System 
200, Sensor 250 may only be required to communicate data 
over a low-power sub-GHz link. Advantageously, in the vari 
ous embodiments of System 200, Sensor 250 may be more 
power efficient than a WiFi enabled counterpart, such as 
Sensor 140 described with respect to FIG.1. It is to be under 
stood that, although not shown in FIG. 2, in various other 
embodiments of System 200, Hub 240 may communicate 
with any appropriate, necessary, or desired number (e.g., two 
or more) of sensors (e.g., Sensor 250). It is also to be under 
stood that Hub 240 is optional and in some embodiments of 
System 200 not shown in FIG. 2, System 200 operates with 
out Controller 150. 

0029. In various embodiments, Sensor 250 may commu 
nicate with Hub 240 including by transmitting Data 260 to 
Hub 240. In various embodiments, Data 260 may be gener 
ated by Sensor 250 based on or using one or more measure 
ments taken by Sensor 250 (e.g., temperature, humidity, 
light). In various embodiments, Data 260 may include at least 
one real time garden parameter, including but not limited to 
soil moisture, Soil salinity, Soil temperature, Soil pH, external 
temperature, external humidity, and light exposure. In various 
embodiments, Sensor 250 may be configured to take mea 
Surements according to a predetermined or to a dynamic 
schedule or frequency, and to transmit Data 260 to Hub 240 in 
real time or at preset intervals (e.g., hourly, daily, weekly) or 
at variable intervals, which can change dynamically based on 
one or more factors such as user input or the frequency of 
measurements taken by Sensor 140. 
0030. In various embodiments, Hub 240 may be used 
instead of or in place of a conventional sprinkler control 
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system because Hub 240 may be capable of controlling mul 
tiple sprinkler valves in a sprinkler system. This is in contrast 
to the various embodiments of System 100 wherein each 
valve (e.g., Valve 170) may require a separate controller (e.g., 
Controller 150). As FIG. 2 illustrates, Hub 240 may control 
the operations (e.g., opening and closing) of Valves 281, 282, 
and 283. However, it is to be understood that in various 
embodiments, Hub 240 may control any appropriate, 
required, or desired number of valves. In various embodi 
ments, Hub 240 may be capable of opening (or closing) some 
or all of Valves 281, 282, and 283 including by determining 
and transmitting one or more control signals to the appropri 
ate valve(s). In various embodiments, Hub 240 may deter 
mine which of Valves 281,282, and 283 to open (or close) and 
when based at least in part on Data 261 from Router 220. As 
will be discussed in more detail below, in various embodi 
ments, Data 261 may originate from Cloud Platform 210. In 
Some embodiments, Data 2.61 may include explicit com 
mands or instructions for Hub 240 to open (or close) some or 
all of Valves 281, 282, and 283. In some embodiments, Data 
261 may include a fully or partially processed data set. Thus, 
in various embodiments, it is understood that Hub 240 may be 
capable of executing instructions (or commands) from Cloud 
Platform 210 to open (or close) some orall of Valves 281,282, 
and 283. Instead or in addition, in some embodiments, Hub 
240 may be capable of analyzing a fully or partially processed 
data set from Cloud Platform 210 in order to generate one or 
more instructions (or commands) to open (or close) Some or 
all of Valves 281, 282, and 283. 
0031. Meanwhile, as discussed earlier, in various embodi 
ments, Hub 240 may be capable of communicating with 
Cloud Platform 210 through wireless Router 220. In various 
embodiments, Hub 240 may be a WiFi transceiver that trans 
mits to Router 220 various types of data destined for Cloud 
Platform 210. For example, as discussed earlier, in some 
embodiments, Hub 240 may receive Data 260 from Sensor 
250 over a sub-GHZ (e.g., 900 MHz) link. Thus, in some 
embodiments, Hub 240 may transmit Data 260, whether 
immediately or according to a preset schedule or frequency, 
to Cloud Platform 210 through Router 220. In addition, in 
some embodiments, Hub 240 may be a WiFi transceiver that 
receives from Router 220 various types of data, including 
Data261, from Cloud Platform 210. In various embodiments, 
Cloud Platform 210, like Cloud Platform 110 discussed with 
respect to FIG.1, may analyze data, such as Data 260, in order 
to determine or to generate Data 261. In various embodi 
ments, Cloud Platform 210 may analyze various garden 
parameters (e.g., Soil moisture, soil salinity, Soil temperature, 
soil pH, external temperature, external humidity, and light 
exposure) to determine or to generate Data 261. In various 
embodiments, Data 261 may include data that generated by 
applying one or more statistical analysis techniques to Data 
260, including but not limited to extrapolating, interpolating, 
averaging, and segmenting Data 260. In some embodiments, 
Cloud Platform 210 may further receive Data 262. In various 
embodiments, Data 262 may come from any appropriate 
Source or sources, and can include additionally relevant data 
such as the weather forecast. In some embodiments, Data 262 
may include historical data and collective data (e.g., past or 
present garden parameters from multiple users or gardens). 
As will be discussed in more detail below, Data 262 may also 
include user inputs, such as instructions, commands, and any 
type of appropriate user feedback. For example, in various 
embodiments, users may be able to input and transmit to 
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Cloud Platform 210 real life observations (e.g., moistness of 
the soil, health of plants) and, as will be discussed in more 
detail below, preferences (e.g., preferred plants, budgets). In 
various embodiments, Cloud Platform 210 may generate or 
determine Data 261 based on an analysis of one or both of 
Data 260 and Data 262. In some embodiments, Data 261 may 
include possible future garden parameters forecasted based at 
least in part on Data 260 and Data 262. In some embodiments, 
Cloud Platform 210 may analyze one or both of Data 260 and 
Data 262 to determine whether and when to turn on (or off) 
some or all of Valves 281, 282, and 283. Thus, in some 
embodiments, Data 2.61 may include commands or instruc 
tions for Hub 240 to turn on (or off) some or all of Valves 281, 
282, and 283. Alternately or in addition, in some embodi 
ments, Cloud Platform 210 may fully or partially analyze one 
or both of Data 260 and Data 262 and then generate a refined, 
condensed, edited, or otherwise processed data set based on 
one or both of Data 260 and Data 261. As such, in some 
embodiments, Data 261 may include a fully or partially pro 
cessed data set in addition to or in lieu of instructions (or 
commands) directed toward some or all of Valves 281, 282, 
and 283. 

0032. In addition to Router 220, FIG. 2 further shows that 
in various embodiments, Cloud Platform 210 may also com 
municate with Device 291 and Device 292 via Network 230. 
In various embodiments, Devices 291 and 292 may be any 
appropriate type of computing and communication device, 
including but not limited to a smartphone, tablet PC, or per 
sonal computer. In various embodiments, Device 291 and 
Device 292 may each be capable of hosting Application 293. 
For example, in Some embodiments, users may download and 
install Application 293 onto their respective devices of choice 
(e.g., Device 291, Device 292). In various embodiments, 
Application 293 may allow various users to communicate 
with Cloud Platform 210, including by sending, receiving, 
and otherwise interacting with various types of data. In par 
ticular, in some embodiments, Cloud Platform 210 may be 
capable of collecting and analyzing data, Such as Data 260, 
from different gardens and over extended periods of time. In 
addition, in some embodiments, Cloud Platform 210 may 
keep track, either directly or via Hub 240, of the current status 
of Valves 281, 282, and 283. Thus, in various embodiments, 
users may use Application 293 to interact with (e.g., view) 
current, historical, and collective sets of data. 
0033. In various embodiments, users may also use Appli 
cation 293 to receive updates on the current status of their 
respective sprinkler systems (e.g., are some or all of Valves 
281, 282, and 283 open or closed). In various embodiments, 
Cloud Platform 210 may also transmit one or more alerts, 
notifications, or recommendations to the user via Application 
293. For example, based on Data 260 (e.g., garden parameters 
measured by Sensor 140) and Data 262 (e.g., historical data 
and collective data from different users, forecasted garden 
parameters, and user inputs), Cloud Platform 210 may gen 
erate and transmit to the user an alert, notification, or recom 
mendation that instructs the user to perform one or more 
actions in order to achieve certain garden parameters. In 
various embodiments, Cloud Platform 210 may recommend 
actions such as adding additives (e.g., fertilizers to change the 
pH or salinity in the soil), applying mulch (e.g., to control 
moisture level and Soil temperature), and covering the plants 
(e.g., to encourage a more humid environment). 
0034. In some embodiments, Application 293 may pro 
vide one or more options for users to change or to override the 
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current status of their respective sprinkler systems. That is, in 
Some embodiments, a user may request, through Application 
190, that Hub 240 force shuts some or all of Valves 281,282, 
and 283. However, as discussed earlier, it is to be understood 
that System 240 may, in various embodiments, also operate 
without Hub 240. In some embodiments, Hub 240 is optional 
equipment. In those embodiments where Hub 240 is not 
installed or is not in use, instead of sending commands or 
instructions to Hub 240 to turn on (and off) some or all of 
Valves 281,282, and 283, Cloud Platform 210 may transmit 
alerts, notifications, or recommendations to Device 281 
instructing the user to manually turn on (and off) Some or all 
of Valves 281, 282, and 283. 
0035. As discussed earlier, in some embodiments of Sys 
tem 100 described with respect to FIG. 1, at least one sensor 
(e.g., Sensor 140) and one controller (e.g., Controller 150) 
may communicate directly with Router 120 via a wireless 
link (e.g., WiFi). In some embodiments, it is to be understood 
that System 100 may include any appropriate, required, or 
desired number of sensors, controllers, and sensor-controller 
hybrids. As discussed earlier with respect to FIG. 2, in some 
embodiments of System 200, at least one sensor (e.g., Sensor 
250), may communicate directly with a hub (e.g., Hub 240) 
over a wireless link (e.g., low power, sub-GHz link). As with 
System 100, in various embodiments of System 200, any 
appropriate, required, or desired number of sensors may be 
used. However, particularly in larger gardens, one or more 
devices may be out of range. For example, in some embodi 
ments of System 100, one or more sensors, controllers, and 
sensor-controller hybrids may be unable to directly commu 
nicate with the router as a result of distance. Likewise, in 
some embodiments of System 200, one or more sensors may 
be outside of the hub's range. Under those circumstances, in 
Some embodiments, two or more devices may forman ad-hoc 
or decentralized network. In some embodiments, data may be 
communicated amongst a group, sequence, or collection of 
devices until it reaches a device that is within range. For 
example, in some embodiments of System 100, one sensor, 
controller, or sensor-controller hybrid may communicate 
with one or more other sensors, controllers, or sensor-con 
trollers over a wireless link (e.g., WiFi, Sub-GHZ, ZigBee, 
Bluetooth) rather than directly with the router. In some 
embodiment of System 100, data may be passed along vari 
ous sensors, controllers, or sensor-controller hybrids until it is 
within the range of the router. In a similar fashion, in some 
embodiments of System 200, one sensor may communicate 
with one or more other sensors over a wireless link (e.g., 
WiFi, Sub-GHZ, ZigBee, Bluetooth) instead of with the hub, 
forming an ad-hoc or decentralized network Such that data is 
forwarded from one sensor to another sensor until it is within 
the range of the hub. In some embodiments of System 100 or 
200, an ad-hoc or decentralized network may be used as 
described above for other reasons, such as to minimize power 
consumption in transmitting data. 
0036 FIG.3 is a flowchart illustrating an embodiment of a 
Process 300 for dynamically collecting, analyzing, and regu 
lating garden parameters. In various embodiments, Process 
300 may be performed by orata cloud platform such as Cloud 
Platform 110 or Cloud Platform 210. 

0037. At 302, one or more garden parameters may be 
received. In various embodiments, the garden parameters 
received at the cloud platform may originate from one or 
more sensors (e.g., Sensor 140, Sensor 250) or sensor-con 
troller hybrids. As discussed earlier, sensors (e.g., Sensor 140 
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and Sensor 250) as well as sensor-controller hybrids may be 
capable of measuring various garden parameters. In various 
embodiments, the garden parameters received at the cloud 
platform may originate from sensors that are installed in one 
or more different gardens. In various embodiments, garden 
parameters may include but are not limited to Soil moisture, 
soil salinity, Soil temperature, soil pH, external temperature, 
external humidity, and light exposure. 
0038. At 304, some or all of the garden parameters 
received at 302 may be analyzed. In various embodiments, 
one or more statistical analysis techniques may be applied. At 
306, one or more garden parameters may be regulated based 
at least in part on the analysis of the received garden param 
eters. In various embodiments, regulating garden parameters 
may include changing or adjusting one or more current gar 
den parameters in a garden. For example, in some embodi 
ments, the cloud platform may analyze data including garden 
parameters from one or more gardens, weather forecast, and 
user inputs to determine whether or not to turn on (or off) one 
or more sprinkler valves, and for how long. In some embodi 
ments, turning on (or off) sprinkler valves for a certain period 
of time may cause desired or necessary changes in one or 
more garden parameters. For example, if one or more garden 
parameters (e.g., Soil moisture, external humidity) indicate 
that the conditions in a garden are too arid, then the cloud 
platform may turn on one or more sprinkler valves for a 
certain amount of time in order to alleviate the aridity. Alter 
nately or in addition, in some embodiments, the cloud plat 
form may analyze data including garden parameters from one 
or more gardens, weather forecast, and user inputs to deter 
mine that the garden requires changes that entail human inter 
vention, such as the addition of additives (e.g., fertilizer) and 
the application of mulch and other coverings. In some 
embodiments, the cloud platform may be configured to trans 
mit an alert, notification, or recommendation to the user to 
perform the necessary actions. 

Calibration and Optimization 

0039. As discussed with respect to FIG. 1 and FIG. 2, in 
various embodiments, the systems and methods described 
herein may utilize one or more sensors (e.g., Sensor 140, 
Sensor 250) or sensor-controller hybrids that are capable of 
measuring a variety of garden parameters. Examples of gar 
den parameters include but are not limited to Soil moisture, 
soil salinity, Soil temperature, soil pH, external temperature, 
external humidity, and light exposure. In various embodi 
ments, a sensor (or sensor-controller hybrid) may be config 
ured to take measurements according to a predetermined or to 
a dynamically generated Schedule or frequency. For example, 
in Some embodiments, the sensor may be configured to take 
measurements at preset intervals (e.g., hourly, daily, weekly). 
In some embodiments, the sensor may be configured to take 
measurements at dynamically determined intervals. In par 
ticular, in some embodiments, the sensor may be configured 
to take measurements according to a dynamically generated 
schedule or frequency that is optimized based on specific 
garden conditions. For example, conditions in Some gardens 
are volatile and change frequently while the conditions in 
other gardens remain relatively stable over time. Moreover, it 
is also often the case that some garden parameters fluctuate 
more frequently than others. Therefore, in some embodi 
ments, the sensor may be configured to take the minimum 
number of measurements necessary to capture and provide an 
accurate and comprehensive range of data. 
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0040. In some embodiments, a cloud platform (e.g., Cloud 
Platform 110, Cloud Platform 220) may receive data from the 
sensor that includes the various measurements taken by the 
sensor. In some embodiments, based on characteristics or 
patterns associated with the data, particularly over time, the 
cloud platform may be able to determine when or how fre 
quently the sensor should optimally take its measurements. In 
Some embodiments, data patterns or characteristics may 
include volatility and fluctuations that are best observed from 
a data set that is collected over a more extended period of 
time. In some embodiments, the cloud platform may develop 
a data profile that is specific to each garden. In some embodi 
ments, the data profile for a garden may be built using data 
that includes past or historical garden parameters (i.e., differ 
ent garden parameters that are collected over a period of 
time). Thus, in various embodiments, the cloud platform may 
be able to detect patterns or characteristics that indicate vari 
ous levels of fluctuation or volatility based on the data profile 
for each garden. Thus, in some embodiments, based on data 
characteristic or patterns, the cloud platform may send com 
mands or instructions to the sensor to take one or more mea 
Surements. In some embodiments, based on data characteris 
tics or patterns, particularly with respect to individual garden 
parameters, the cloud platform may instruct or command the 
sensor to measure different garden parameters according to 
different schedules or frequencies. In various embodiments, 
the schedule or the frequency for the sensor to take measure 
ments may be updated, adjusted, or refined as more data is 
collected over time and added to a garden's data profile. 
0041 As discussed earlier, sprinkler systems are typically 
set up into different Zones. As such, in various embodiments, 
the sprinkler valve(s) (e.g., Valve 170, Valves 281-283) in 
each Zone may be controlled separately based at least in part 
on the varying conditions in each Zone. In various embodi 
ments, regardless of the size of the garden and the number of 
Zones, any appropriate, required, or desired number of sen 
sors or sensor-controller hybrids may be deployed. For 
example, one user may install one sensor in each Zone or 
multiple sensors in each Zone. In particular, in Some embodi 
ments, one sensor can be shared across multiple Zones (i.e., 
used in two or more Zones). Advantageously, the portability 
and mobility of sensors and sensor-hybrids across different 
Zones allow the various embodiments of the systems and the 
methods described herein to be implemented with a minimal 
amount of equipment, cost, and effort. Suppose, for example, 
that Alice wants to purchase and use only one sensor to 
measure garden parameters in two Zones (e.g., Zone A, Zone 
B) in her backyard. In various embodiments, Alice may install 
an application (e.g., Application 190, Application 293) onto 
her Smartphone or any other type of computing and commu 
nication device (e.g., personal computer, tablet PC). In Vari 
ous embodiments, using the application, Alice may input or 
otherwise indicate to the cloud platform the current Zone that 
the sensor is in. Furthermore, in various embodiments, Alice 
may use the application to input or otherwise indicate to the 
cloud platform whenever the sensor is moved from one Zone 
to another (e.g., from Zone A to Zone B, and vice versa). In 
those embodiments where a single sensor is used across mul 
tiple Zones, the cloud platform may attribute garden param 
eters to the correct Zone based on inputs or indications from 
the user. To continue the example, based on Alice's input or 
indication that the sensoris in Zone A, the cloud platform may 
attribute garden parameters received from the sensor to Zone 
A and not Zone B. 
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User Interactivity Plant Recommendation 
0042. As discussed earlier, in various embodiments, users 
may communicate with the cloud platform (e.g., Cloud Plat 
form 110, Cloud Platform 210) via the application (e.g., 
Application 190, Application 293), including by sending, 
receiving, and otherwise interacting with various types of 
data. Also as discussed earlier, in various embodiments, the 
cloud platform (e.g., Cloud Platform 110, Cloud Platform 
210) may receive and analyze a variety of different types of 
data, including but not limited to data from sensors or sensor 
controller hybrids (e.g., garden parameters from different 
users and gardens), weather forecast, user inputs, etc. In addi 
tion, the cloud platform may store at least a portion of the data 
to develop current and historical data profiles for a variety of 
different entities or groups of entities, including but not lim 
ited to different users, gardens, neighborhoods, regions, etc. 
In fact, in various embodiments, the cloud platform may be 
able to analyze, process, and store data in any appropriate 
manner, including but not limited to applying statistical 
analysis techniques such as aggregating, segmenting, averag 
ing, interpolating, and extrapolating the data. 
0043. In various embodiments, the cloud platform may be 
able to recommend plant selections for a user. In some 
embodiments, the cloud platform may deliver its recommen 
dations to the user via the application. In some embodiments, 
the cloud platform may determine an appropriate plant selec 
tion based on garden parameters from one or more sensors in 
the user's garden. For example, the appropriate plant selec 
tion may be determined based on current, historical, or pre 
dicted garden parameters from the user's own garden. Alter 
nately or in addition, in some embodiments, the appropriate 
plant selection may be determined based on the type(s) of 
plants that have been successfully grown in a reference area, 
which includes but is not limited to identical, similar, or 
adjacent area(s). In various embodiments, based on criteria 
that include but are not limited to the availability or volume of 
data, the cloud platform may further determine an appropri 
ately sized or situated reference area in order to determine an 
appropriate plant selection for a user's garden. 
0044. In some embodiments, in addition to garden param 
eters, the cloud platform may determine an appropriate plant 
selection further based on user preferences. In various 
embodiments, the user may stipulate his or her preferences at 
any level of specificity and based on any appropriate type of 
parameters (e.g., plant characteristics Such as color, size, 
required maintenance). For example, Alice may indicate to 
the cloud platform (via the installed application) that she likes 
or prefers a specific type or species of peony (e.g., Chinese or 
Japanese peony). Alternately, Alice may indicate to the cloud 
platform that she likes or prefers plants that bear pink colored 
flowers. Based on the stated preference, the cloud platform 
may, in some embodiments, recommend plants that are 
appropriate for the user's garden. However, it can often be the 
case that a user indicates a preference for a plant or type of 
plant that is not appropriate given the user's garden param 
eters. Thus, in Some embodiments, the cloud platform may 
recommend plant alternatives that are more ideal or better 
Suited for the user's garden (i.e., plants that can Survive or 
thrive based on the garden parameters from the user's garden) 
and which are similar to the preferred plant or type of plant. In 
Some embodiments, the cloud platforms suggestions or rec 
ommendations may be displayed, via the application, in order 
of each plant's level of similarity to the preferred plant or type 
of plant. In some embodiments, the cloud platforms plant 
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Suggestions or recommendations may be displayed, in addi 
tion or instead, in order of the likelihood for each of the 
Suggested plants to Survive in the user's garden. In some 
embodiments, the cloud platforms plant suggestions or rec 
ommendations may be displayed with an option (e.g., a 
hyperlink) for the user to be directed to one or more e-com 
merce websites (e.g., Amazon.com(R), Lowe's R, HomeDe 
pot(R) that sells, carries, or can otherwise provide the plant(s). 
0045. In some embodiments, in addition to or instead of 
displaying plant Suggestions or recommendations, the user 
may be given an option to enroll (via the application) in a 
plant Subscription program (e.g., seed or plant of the month). 
In some embodiments, enrollment in the plant Subscription 
program entitles the user to a regularly scheduled (e.g., 
monthly, quarterly) delivery of plants or seeds that may be 
curated from the cloud platforms plant suggestions or rec 
ommendations. In some embodiments, the cloud platform 
may determine and deliver (via the application) advertise 
ments and links to other services (proprietary or third-party) 
that are appropriate to the user based on the user's garden 
parameters (e.g., Soil quality) and inputs (e.g., preferred 
plants). 
0046. In some embodiments, the cloud platform may 
determine an appropriate plant selection based on the user's 
budget. In various embodiments, the cloud platform may take 
into consideration the users budget in addition to or instead 
of the user's stated preferences. In various embodiments, the 
user's budget may include a one-time, initial setup cost. That 
is, the user may specify how much he or she can or would like 
to spend on plants and seeds for a garden. In various embodi 
ments, the user's budget may further include a maintenance 
cost. For example, the user may specify, in addition to or 
instead, how much he or she can or would like to spend on 
maintaining the plants in the garden (e.g., water, fertilizer, 
mulch, etc.). 
0047. As discussed earlier, the cloud platform may use a 
variety of data (e.g., garden parameters, weather forecast, 
user inputs, etc.) to determine and to generate data indicating 
when the sprinkler system in a user's garden should be open 
(and closed). In some embodiments, the cloud platform may 
send commands or instructions to automatically turn on (and 
off) some or all of the valves in the sprinkler system. In some 
embodiments, the cloud platform may sendinstructions to the 
user to manually turn on (and off) some or all of the valves in 
the sprinkler system. In various embodiments, the cloud plat 
form may collect and analyze a variety of data, including but 
not limited to current (e.g., the latest set of garden param 
eters), historical (e.g., garden parameters measured over a 
certain period time), and forecasted data (e.g., weather fore 
cast, extrapolated garden parameters). In various embodi 
ments, the cloud platform may collect and analyze data from 
a variety of sources, including but not limited to data collected 
by sensors in the user's garden (e.g., Sensor 140, Sensor 250), 
data collected by sensors in other users' gardens, weather 
forecast, and user feedback (e.g., real life observations of 
garden parameters and plant conditions). Thus, in various 
embodiments, the cloud platform may be capable of dynami 
cally determining and regulating the conditions in a user's 
garden based on current, historical, and forecasted data. In 
various embodiments, a user may use the application to 
instruct the cloud platform to emulate or recreate the garden 
parameters in another user's garden. In an earlier example, 
Alice was unable to grow the same kind of peony that thrives 
in her neighbor Bob's yard. Suppose both Alice and Bob have 
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installed System 100, as described with respect to FIG. 1, or 
System 200, as described with respect to FIG. 2. In this case, 
the cloud platform would have access to garden parameters 
from both Alice and Bob's gardens. The garden parameters 
from Bob's garden have proven to be conducive to cultivating 
peonies. As such, in Some embodiments, Alice can instruct 
the cloud platform to regulate or modify her garden param 
eters, including by turning on and off one or more sprinkler 
valves and recommending one or more actions on the part of 
Alice (e.g., fertilizer, mulch, coverings), so that the garden 
parameters in Alice's garden match the garden parameters in 
Bob's garden. 
0048. In various embodiments, the cloud platform (e.g., 
Cloud Platform 110, Cloud Platform 210) may be configured 
to continuously interact with a user, a garden, and a micro 
climate (i.e., the regional environment and characteristics of 
the user's garden). In various embodiments, a control system 
may be paradigmatic of the interactions and the nexus 
between the cloud platform, the user, the garden, and the 
microclimate. 

0049 FIG. 4A is a diagram illustrating a Control System 
400. As shown in FIG. 4A, in various embodiments, Control 
System 400 may comprise a Controller 410 and a Black Box 
420. In various embodiments, Controller 410 may correspond 
to the system for dynamically collecting, analyzing, and regu 
lating garden parameters (e.g., System 100, System 200) 
described herein. As described with respect to FIG. 1 and 
FIG. 2, various embodiments of the system for dynamically 
collecting, analyzing, and regulating garden parameters may 
include some combination of the following components: a 
cloud platform (e.g., Cloud Platform 110, Cloud Platform 
220), sensors (e.g., Sensor 140, Sensor 250), user devices 
(e.g., Devices 181-182, Devices 291-292), and a hub (e.g., 
Hub 240) or valve controllers (e.g., Controller 150). Mean 
while, in various embodiments, Black Box 420 represents a 
typical garden ecosystem containing a user (e.g., Alice), a 
garden (e.g., Alice's garden), and a microclimate (e.g., Mis 
sion Valley in San Diego, Calif.). In various embodiments, 
Controller 410 may be configured to determine inputs (e.g., 
Inputs 430) into Black Box 420 based on the outputs (e.g., 
Outputs 440) from Black Box 420. In various embodiments, 
Inputs 430 from Controller 410 may include a variety of data 
that can be used to and is otherwise capable of altering con 
ditions inside Black Box 420. In various embodiments, Out 
puts 440 may include a variety of data that is indicative of the 
conditions inside Black Box 420, including but not limited to 
readings, measurements, and feedback from the different 
constituents of Black Box 420 (e.g., the user, garden, and 
microclimate). In various embodiments, Controller 410 may 
continuously refine Inputs 430 based on Outputs 440 in order 
to determine a set of inputs that yields one or more ideal, 
desired, expected, or required outputs. In various embodi 
ments, Controller 410 may determine a set of inputs that 
yields the ideal, desired, expected, or required outputs by 
satisfying requirements or conditions imposed by some or all 
of the constituents of Black Box 420. In various embodi 
ments, Controller 410 may determine a set of inputs that 
would improve, influence, and otherwise change the current 
conditions in Black Box 420 (as indicated by a previous set of 
outputs) so that the next set of outputs from Black Box 420 
would approximate or match the ideal, desired, expected, or 
required outputs. 
0050 For example, in some embodiments, users may have 
certain characteristics, which are typically manifest as one or 
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more preferences for certain plants or for a particular budget. 
Meanwhile, in various embodiments, the user's garden may 
also exhibit a number of characteristics. Characteristics of the 
garden may be, in some embodiments, captured in the garden 
parameters measured by various sensors or in the user's 
observations. Finally, in Some embodiments, the microcli 
mate may host a variety of characteristics as well, including 
weather conditions such as Sun, Snow, rain, high winds, etc. 
Thus, in various embodiments, Outputs 440 may include 
readings and measurements of some or all of the characteris 
tics of the constituents of Black Box 420. For example, in 
some embodiments, Outputs 440 may include but is not lim 
ited to user input, weather (e.g., current and forecasted), and 
various measured garden parameters. Based on Outputs 440, 
in various embodiments, Controller 410 may determine 
Inputs 430, which may include, as examples, commands and 
instructions to open (and close) sprinkler valves, and alerts, 
notifications, and recommendations to the user to perform 
one or more actions (e.g., water, fertilize, apply mulch, cover 
plant, etc.). As FIG. 4A shows, in the various embodiments 
Control System 400, Controller 410, and Black Box 420 may 
be part of an iterative feedback loop. On the one hand, in 
various embodiments, Inputs 430 may both regulate and con 
tinuously evolve based on Outputs 440. On the other hand, 
Outputs 440, in various embodiments, may both change as a 
result of Inputs 430 and perpetuate the evolution of Inputs 
430. 
0051 FIG. 4B is a flowchart illustrating an embodiment of 
a Process 401 for making plant recommendations. In various 
embodiments, Process 401 may be performed by or at a cloud 
platform (e.g., Cloud Platform 110, Cloud Platform 210). At 
402, at least one plant selection criterion may be received. In 
various embodiments, plant selection criteria may originate 
from a number of different sources, including but not limited 
to sensors installed in the user's garden, and plant or budget 
preferences specified by the user. 
0052 At 404, at least one plant to recommend may be 
determined based at least in part on the selection criteria. For 
example, in some embodiments, the cloud platform may 
determine one or more plants to recommend based on the 
current, historical, or forecasted garden parameters in the 
user's garden. Alternately or in addition, in Some embodi 
ments, the cloud platform may determine one or more plants 
to recommend based on preferences stated by the user, includ 
ing but not limited to the user's budget and the user's pre 
ferred plant selections. Furthermore, in some embodiments, 
in scenarios where the user's preferred plant selections are 
inappropriate or unsuited for the user's garden (e.g., based on 
the user's current, historical, or forecasted garden param 
eters), the cloud platform may be able to recommend plants 
that are similar to the user's preferred plants but can also 
tolerate or thrive in the user's garden. 

User Interface 

0053. In the various embodiments of the systems and 
methods described herein, various garden events may be con 
Verted into one or more appropriate units of accounting. In 
various embodiments, examples of garden events may 
include but are not limited to turning on the sprinkler system, 
rainfall, fertilizing, and applying mulch and other coverings. 
In particular, in Some embodiments, garden events may be 
converted into an appropriate currency (e.g., USD, Euros) in 
order to reflect the expenditures and savings generated by 
each garden event. As one example, in various embodiments, 
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the cloud platform (e.g., Cloud Platform 110, Cloud Platform 
210) may keep track of the current status of sprinkler valves 
(e.g., Valve 170, Valves 281-283). Thus, in various embodi 
ments, the cloud platform may determine when each sprinkler 
system was turned on and for how long. Consequently, in 
various embodiments, the cloud platform may estimate the 
amount of water that was used and convert this information 
into a dollar amount (e.g., it costs S5 to water Zone A for 30 
minutes). 
0054. In another example, the cloud platform may be con 
figured to send an alert, notification, or recommendation that 
instructs a user to perform one or more actions. In some 
embodiments, the alert, notification, or recommendation may 
further include an estimated cost associated with the 
instructed actions. For instance, the cloud platform may 
determine based on a variety of data including a difference 
between the current pH or salinity level of the soil, and the 
ideal, desired, required, or expected level(s), that a certain 
amount of fertilizer is needed. In some embodiments, the 
cloud platforms alert, notification, or recommendation 
instructing the user to apply fertilizer to the users garden may 
include the cost for the amount offertilizer needed. 

0055. In various embodiments, the cloud platform may 
also estimate the amount of savings generated by a garden 
event. For example, if it rained profusely one day, based on 
data such as the weather forecast and the level of moisture in 
the soil after the rain, the cloud platform may determine and 
indicate to the user that his or her garden will not have to be 
watered for at least 8 days, generating a savings of $20. In 
various embodiments, the cloud platform may further esti 
mate the cost of recreating ideal garden parameters or the 
specific garden parameters found in another garden. In an 
earlier example, Alice wishes to recreate the garden param 
eters in Bob's garden. The cloud platform may, in various 
embodiments, approximate the overall or individual cost cor 
responding to the amount of water, fertilizer, and mulch that 
are required to transform the existing conditions in Alice's 
garden so that the two gardens would exhibit identical or 
near-identical garden parameters. 
0056. In various embodiments, the cloud platform may 
analyze various types of data and generate different metrics 
indicating the efficiency of a user's sprinkler system. As 
discussed earlier, in various embodiments, the cloud platform 
may be able to estimate the amount of water usage based on 
information regarding when the user's sprinkler system was 
in use. In various embodiments, the cloud platform may 
assess the amount of water usage relative to one or more 
different benchmarks, including but not limited to an ideal, 
desired, required, and expected set of garden parameters. 
Suppose, for example, that Alice's sprinkler system was 
turned on for a certain period time (e.g., X minutes). In some 
embodiments, the cloud platform may estimate what the 
expected level of moisture in Alice's garden should be after X 
minutes of watering. In some embodiments, the cloud plat 
forms estimate may be generated based on a host of different 
types of data (e.g., Data 161-162, Data 261-262), including 
but not limited to current weather conditions (e.g., tempera 
ture, humidity, wind), historical garden parameters measure 
ments from both Alice and other similar gardens taken before 
and after watering, and empirical statistics. In various 
embodiments, the cloud platform may determine the effi 
ciency of Alice's sprinkler system as a measure of how close 
(e.g., expressed as a percentage) the moisture level in Alice's 
garden is to the expected moisture level. Alternately, return 
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ing again to the previous example where Alice is attempting 
to recreate the garden parameters in Bob's garden, in some 
embodiments, the cloud platform may also determine the 
efficiency of Alice's sprinkler system in terms of the proxim 
ity between the moisture level inhergarden after X minutes of 
watering and the ideal moisture level found in Bob's garden. 
0057. In various embodiments, the cloud platform may 
also take into account the cost of utilities, such as via electric 
or water rates, to determine when it is most cost-efficient to 
operate a sprinkler system. In some embodiments, a user may 
be able to select a cost-efficient profile, which may cause the 
cloud platform to adjust how it regulates the one or more 
garden parameters or determines plant recommendations 
based on the cost of utilities. In various embodiments, the 
cloud platform may estimate the amount of resources from a 
utility that would be used for an event and convert this infor 
mation into a dollar amount (e.g., it costs S5 to water Zone A 
for 30 minutes at 6AM, it costs S10 to water Zone A at 2 PM). 
In various embodiments, the cloud platform may also take 
into account legal restrictions, such as water restrictions, to 
determine when operating a sprinkler system is permissible. 
In Such embodiments, the cloud platform may regulate the 
one or more garden parameters to avoid operating a sprinkler 
system during impermissible times or notify a user that a legal 
restriction may apply to their garden for a watering time 
selected by a user. 
0058 FIG. 5 is a block diagram illustrating an embodi 
ment of a wired or wireless System 550 that may be used in 
connection with the various embodiments described herein. 
For example, System 550 may be used to implement Devices 
181-182 as described with respect to FIG. 1, as well as 
Devices 291-292 and Hub 240, as described with respect to 
FIG. 2. In some embodiments, System 550 may be a conven 
tional personal computer, computer server, personal digital 
assistant, Smartphone, tablet computer, or any other proces 
sor enabled device that is capable of wired or wireless data 
communication. However, it is to be understood that other 
computer systems or architectures may be also used, as will 
be clear to those skilled in the art. 
0059 System 550 preferably includes one or more proces 
sors, such as Processor 560. Additional processors may be 
provided. Such as an auxiliary processor to manage input/ 
output, an auxiliary processor to perform floating point math 
ematical operations, a special-purpose microprocessor hav 
ing an architecture Suitable for fast execution of signal 
processing algorithms (e.g., digital signal processor), a slave 
processor Subordinate to the main processing system (e.g., 
back-end processor), an additional microprocessor or con 
troller for dual or multiple processor systems, or a coproces 
sor. Such auxiliary processors may be discrete processors or 
may be integrated with Processor 560. 
0060 Processor 560 is preferably connected to a Commu 
nication Bus 555. Communication Bus 555 may include a 
data channel for facilitating information transfer between 
storage and other peripheral components of System 550. 
Communication Bus 555 further may provide a set of signals 
used for communication with Processor 560, including a data 
bus, address bus, and control bus (not shown). Communica 
tion Bus 555 may comprise any standard or non-standard bus 
architecture Such as, for example, bus architectures compliant 
with industry standard architecture (“ISA), extended indus 
try standard architecture (“EISA), Micro Channel Architec 
ture (“MCA'), peripheral component interconnect (PCI) 
local bus, or standards promulgated by the Institute of Elec 
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trical and Electronics Engineers (“IEEE) including IEEE 
488 general-purpose interface bus (“GPIB), IEEE 696/S- 
100, and the like. 
0061 System 550 preferably includes a Main Memory 
565 and may also include a Secondary Memory 570. Main 
Memory 565 provides storage of instructions and data for 
programs executing on Processor 560. Main Memory 565 is 
typically semiconductor-based memory Such as dynamic ran 
dom access memory (“DRAM) or static random access 
memory (“SRAM). Other semiconductor-based memory 
types include, for example, synchronous dynamic random 
access memory (“SDRAM), Rambus dynamic random 
access memory (“RDRAM), ferroelectric random access 
memory (“FRAM), and the like, including read only 
memory (“ROM). 
0062 Secondary Memory 570 may optionally include an 
internal memory (Internal Medium 575) or a Removable 
Medium 580, for example a floppy disk drive, a magnetic tape 
drive, a compact disc (“CD) drive, a digital versatile disc 
(“DVD) drive, etc. Removable Medium 580 is read from or 
written to in a well-known manner. Removable Medium 580 
may be, for example, a floppy disk, magnetic tape, CD, DVD, 
SD card, etc. 
0063 Removable Medium 580 is a non-transitory com 
puter readable medium having stored thereon computer 
executable code (i.e., software) or data. The computer soft 
ware or data stored on the Removable Medium 580 is read 
into System 550 for execution by Processor 560. 
0064. In alternative embodiments, Secondary Memory 
570 may include other similar means for allowing computer 
programs or other data or instructions to be loaded into Sys 
tem 550. Such means may include, for example, an external 
storage medium (External Medium 595) and a Communica 
tion Interface 570. Examples of External Medium 595 may 
include an external hard disk drive or an external optical 
drive, or an external magneto-optical drive. 
0065 Other examples of Secondary Memory 570 may 
include semiconductor-based memory Such as programmable 
read-only memory (“PROM), erasable programmable read 
only memory (“EPROM), electrically erasable read-only 
memory (“EEPROM), or flash memory (block oriented 
memory similar to EEPROM). Also included are any other 
removable storage media (Removable Medium 580) and 
Communication Interface590, which allow software and data 
to be transferred from External Medium 595 to System 550. 
0.066 System 550 may also include an input/output (“I/ 
O”) interface, I/O Interface 585. I/O Interface 585 facilitates 
input from and output to external devices. For example I/O 
Interface 585 may receive input from a keyboard or mouse 
and may provide output to a display. I/O Interface 585 is 
capable of facilitating input from and output to various alter 
native types of human interface and machine interface 
devices alike. 

0067 System 550 may also include a Communication 
Interface 590. Communication Interface 590 allows Software 
and data to be transferred between System 550 and external 
devices (e.g. printers), networks, or information sources. For 
example, computer Software or executable code may be trans 
ferred to System 550 from a network server via Communica 
tion Interface 590. Examples of Communication Interface 
590 include a modem, a network interface card (“NIC), a 
wireless data card, a communications port, a PCMCIA slot 
and card, an infrared interface, and an IEEE 1394 fire-wire. 
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0068 Communication Interface 590 preferably imple 
ments industry promulgated protocol standards, such as Eth 
ernet IEEE 802 standards, Fiber Channel, digital subscriber 
line (“DSL), asynchronous digital subscriber line 
(ADSL), frame relay, asynchronous transfer mode 
(ATM), integrated digital services network (“ISDN), per 
Sonal communications services ("PCS”), transmission con 
trol protocol/Internet protocol (“TCP/IP), serial line Internet 
protocol/point to point protocol (“SLIP/PPP), and so on, but 
may also implement customized or non-standard interface 
protocols as well. 
0069 Software and data transferred via Communication 
Interface 590 are generally in the form of electrical commu 
nication signals 605. These signals 605 are preferably pro 
vided to Communication Interface 590 via a communication 
channel 600. In one embodiment, the communication channel 
600 may be a wired or wireless network, or any variety of 
other communication links. Communication channel 600 car 
ries signals 605 and may be implemented using a variety of 
wired or wireless communication means including wire or 
cable, fiber optics, conventional phone line, cellular phone 
link, wireless data communication link, radio frequency 
(“RF") link, or infrared link. 
0070 Computer executable code (i.e., computer programs 
or software) may be stored in Main Memory 565 or Second 
ary Memory 570. Computer programs may also be received 
via Communication Interface 590 and stored in Main 
Memory 565 or Secondary Memory 570. Such computer 
programs, when executed, enable System 550 to perform the 
various functions as previously described. 
0071. In this description, the term “computer readable 
medium' is used to refer to any non-transitory computer 
readable storage media used to provide computer executable 
code (e.g., Software and computer programs) to the system 
550. Examples of these media include Main Memory 565, 
Secondary Memory 570 (including Internal Medium 575, 
Removable Medium 580, and External Medium 595), and 
any peripheral device communicatively coupled with Com 
munication Interface 590 (including a network information 
server or other network device). These non-transitory com 
puter readable mediums are means for providing executable 
code, programming instructions, and Software to System 550. 
0072. In an embodiment that is implemented using soft 
ware, the Software may be stored on a computer readable 
medium and loaded into System 550 by way of Removable 
Medium 580, I/O Interface 585, or Communication Interface 
590. In such an embodiment, the software is loaded into 
System 550 in the form of electrical communication signals 
605. The software, when executed by Processor 560, prefer 
ably causes Processor 560 to perform the inventive features 
and functions previously described herein. 
0073 System 550 also includes optional wireless commu 
nication components that facilitate wireless communication 
over a Voice and over a data network. The wireless commu 
nication components comprise an antenna system (Antenna 
610), a radio system (Radio 615) and a baseband system 
(Baseband 620). In System 550, radio frequency (“RF) sig 
nals are transmitted and received over the air by Antenna 610 
under the management of Radio 615. 
0074. In one embodiment, Antenna 610 may comprise one 
or more antennae and one or more multiplexors (not shown) 
that perform a switching function to provide Antenna 610 
with transmit and receive signal paths. In the receive path, 
received RF signals can be coupled from a multiplexor to a 

Feb. 4, 2016 

low noise amplifier (not shown) that amplifies the received 
RF signal and sends the amplified signal to Radio 615. 
0075. In alternative embodiments, Radio 615 may com 
prise one or more radios that are configured to communicate 
over various frequencies. In one embodiment, Radio 615 may 
combine a demodulator (not shown) and modulator (not 
shown) in one integrated circuit (“IC). The demodulator and 
modulator may also be separate components. In the incoming 
path, the demodulator strips away the RF carrier signal leav 
ing a baseband receive audio signal, which is sent from Radio 
615 to Baseband 620. 

0076. If the received signal contains audio information, 
Baseband 620 decodes the signal and converts it to an analog 
signal. Then the signal is amplified and sent to a speaker. 
Baseband 620 also receives analog audio signals from a 
microphone. These analog audio signals are converted to 
digital signals and encoded by Baseband 620. Baseband 620 
also codes the digital signals for transmission and generates a 
baseband transmit audio signal that is routed to the modulator 
portion of Radio 615. The modulator mixes the baseband 
transmit audio signal with an RF carrier signal generating an 
RF transmit signal that is routed to the antenna system and 
may pass through a power amplifier (not shown). The power 
amplifier amplifies the RF transmit signal and routes it to 
Antenna 610 where the signal is switched to the antenna port 
for transmission. 
0077 Baseband 620 is also communicatively coupled 
with Processor 560. The central processing unit, Processor 
560, has access to the data storage areas, Main Memory 565 
and Secondary Memory 570. The central processing unit, 
Processor 560, is preferably configured to execute instruc 
tions (i.e., computer programs or software) that can be stored 
in Main Memory 565 or Secondary Memory 570. Computer 
programs can also be received from the baseband processor, 
Baseband 610, and stored in Main Memory 565 or in Sec 
ondary Memory 570, or executed upon receipt. Such com 
puter programs, when executed, enable System 550 to per 
form the various functions as previously described. For 
example, Main Memory 565 may include various software 
modules (not shown) that are executable by Processor 560. 
0078 FIG. 6 is a block diagram illustrating an embodi 
ment of a wireless system 640 that may be used in connection 
with the various embodiments described herein. For example 
System 640 may be used to implement Sensor 140 as 
described with respect to FIG. 1, as well as Sensor 250, as 
described with respect to FIG. 2. In some embodiments, 
System 640 may comprise a Microcontroller 650, which may 
offer integrated functions such as an analog-to-digital con 
verter ADC 655, a digital-to-analog converter DAC 660, an 
Inter-Integrated Circuit interface I2C 665, a Human-Machine 
Interface HMI 670, and a transceiver Tx/RX 675. In various 
embodiments, Microcontroller 650 may be implemented 
using a microcontroller manufactured by Freescale Semicon 
ductor, Inc., such as the Freescale Kinetis KWO1. 
0079. In some embodiments, System 640 may also 
include one or more sensors, such as Sensor 680, Sensor 685, 
Sensor 690, and Sensor 695. For example, Sensor 680 may 
output a Voltage based on a measurement oftemperature, pH, 
or light. In some embodiments, ADC 655 may measure the 
voltage supplied by Sensor 680, after which Microcontroller 
650 may determine the soil temperature, soil pH, or ambient 
light based on the Voltage measurement. As another example, 
Sensor 685 may be comprised of a PCB 700 as shown in FIG. 
7, wherein PCB 700 may be composed of interleaved traces 
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on the PCB. The first set of traces may be connected to DAC 
660 to receive a specified voltage and a second set of traces, 
which are not connected to the first set of traces as shown by 
the rounded hop-overs, may be connected to ADC 655 and a 
resistor of known value connected to ground. Based on the 
voltage applied by DAC 660 and the voltage measured by 
ADC 550, Microcontroller 650 may determine a soil resis 
tance based on the voltage difference between the applied and 
measured Voltages. In some embodiments, the applied Volt 
age may be stepped across a range of Voltages, thereby 
extending the dynamic range of ADC 655. 
0080. As another example, Sensor 690 may consist of an 
off-the-shelf temperature or humidity measurement compo 
nent that can communicate with Microcontroller 650 via I2C 
665. 

0081. As another example, a touch sensor is designed to 
accurately read Small capacitive changes induced by skin on 
a capacitive touch screen. HMI 670 may consist of such a 
touch sensor, except HMI 670 may be connected to Sensor 
695 that contains capacitive plates in contact with soil rather 
than a touch screen. By measuring the capacitance of Such 
plates in Sensor 695 at different frequencies via HMI 670, 
Microcontroller 650 may determine a soils dielectric con 
stant. In various embodiments, Microcontroller 650 may fur 
ther determine the soil's moisture content using the soils 
dielectric constant, salinity, and methods known in the art 
(e.g., Topp et al., “Electromagnetic determination of soil 
water content: Measurements in coaxial transmission lines.” 
Water Resources Research, June 1980). 
0082 In various embodiments, System 640 may use well 
known methods in the art to support multiple sensors as 
described above, such as by using multiplexers/demultiplex 
ers. Accordingly, in various embodiments, numerous sensors 
for different measurements may be connected to ADC 655, 
DAC 660, I2C 665, or HMI 670 and the use of ADC 655, DAC 
660, I2C 665, or HMI 670 for obtaining measurements from 
one sensor does not preclude ADC 655, DAC 660, I2C 665, or 
HMI 670 from being used for obtaining measurements from 
another sensor. By using Such methods well known in the art, 
System 640 may determine a parameterized measurement of 
a soils salinity, pH, and evaporation rates based on measure 
ments of a Soils resistance, capacitance, pH, and temperature 
as well as other measurements such as of ambient light, air 
temperature, and air humidity. 
0083. In various embodiments, System 640 may transmit 
the measurements from various sensors as described above to 
a cloud platform (e.g., Cloud Platform 110, Cloud Platform 
210). The cloud platform may perform the same analysis, 
calibration, or other adjustments to the measurements as 
described herein with respect to System 640. In some 
embodiments, an intermediate component, such as Hub 240, 
Device 181, Device, 182, Device 291, or Device 292, may 
also perform analysis, calibration, or other adjustments based 
on the measurements described herein with respect to System 
640. By using such methods well known in the art, the cloud 
platform or intermediate components (e.g., Hub 240, Device 
181, Device, 182, Device 291, or Device 292) may determine 
a parameterized measurement of a soils salinity, pH, and 
evaporation rates based on measurements of a soils resis 
tance, capacitance, pH, and temperature as well as other 
measurements such as of ambient light, air temperature, and 
air humidity. In various embodiments, the cloud platform or 
intermediate components (e.g., Hub 240, Device 181, Device, 
182, Device 291, or Device 292) may then transmit results of 
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the above analysis to System 640 or other components 
described herein. For example, System 640 may receive 
instructions to adjust future measurements based on analysis, 
calibration, or other adjustments from the cloud platform or 
intermediate components (e.g., Hub 240, Device 181, Device, 
182, Device 291, or Device 292). 
I0084. In some embodiments, Microcontroller 650 may 
also include TX/RX 675. In such embodiments, TX/RX 675 
may be an 802.15.4-compliant device that has the ability to 
adjust its data rates and transmitter power using measure 
ments of received signal strength from other transmitting 
devices. In various embodiments, TX/RX 675 may use other 
wireless methods such as ZigBee, Bluetooth, or WiFi. 
I0085. In addition to embodiments described using soft 
ware, various embodiments may also be implemented prima 
rily in hardware using, for example, components such as 
application specific integrated circuits (ASICs'), or field 
programmable gate arrays (“FPGAs). Implementation of a 
hardware state machine capable of performing the functions 
described herein will also be apparent to those skilled in the 
relevant art. Various embodiments may also be implemented 
using a combination of both hardware and Software. 
I0086. Furthermore, those of skill in the art will appreciate 
that the various illustrative logical blocks, modules, circuits, 
and method steps described in connection with the above 
described figures and the embodiments disclosed herein can 
often be implemented as electronic hardware, computer soft 
ware, or combinations of both. To clearly illustrate this inter 
changeability of hardware and software, various illustrative 
components, blocks, modules, circuits, and steps have been 
described above generally in terms of their functionality. 
Whether such functionality is implemented as hardware or 
Software depends upon the particular application and design 
constraints imposed on the overall system. Skilled persons 
can implement the described functionality in varying ways 
for each particular application, but such implementation deci 
sions should not be interpreted as causing a departure from 
the scope of the invention. In addition, the grouping of func 
tions within a module, block, circuit, or step is for ease of 
description. Specific functions or steps can be moved from 
one module, block, or circuit to another without departing 
from the invention. 

I0087 Moreover, the various illustrative logical blocks, 
modules, and methods described in connection with the 
embodiments disclosed herein can be implemented or per 
formed with a general purpose processor, a digital signal 
processor (DSP), an ASIC, FPGA or other programmable 
logic device, discrete gate or transistor logic, discrete hard 
ware components, or any combination thereof designed to 
perform the functions described herein. A general-purpose 
processor can be a microprocessor, but in the alternative, the 
processor can be any processor, controller, microcontroller, 
or state machine. A processor can also be implemented as a 
combination of computing devices, for example, a combina 
tion of a DSP and a microprocessor, a plurality of micropro 
cessors, one or more microprocessors in conjunction with a 
DSP core, or any other such configuration. 
I0088 Additionally, the steps of a method or algorithm 
described in connection with the embodiments disclosed 
herein can be embodied directly in hardware, in a software 
module executed by a processor, or in a combination of the 
two. A software module can reside in RAM memory, flash 
memory, ROM memory, EPROM memory, EEPROM 
memory, registers, hard disk, a removable disk, a CD-ROM, 
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or any other form of storage medium including a network 
storage medium. An exemplary storage medium can be 
coupled to the processor Such the processor can read infor 
mation from, and write information to, the storage medium. 
In the alternative, the storage medium can be integral to the 
processor. The processor and the storage medium can also 
reside in an ASIC. 

0089. The above description of the disclosed embodi 
ments is provided to enable any person skilled in the art to 
make or use the invention. Various modifications to these 
embodiments will be readily apparent to those skilled in the 
art, and the generic principles described herein can be applied 
to other embodiments without departing from the spirit or 
scope of the invention. Thus, it is to be understood that the 
description and drawings presented herein represent pres 
ently preferred embodiments and are therefore representative 
of the subject matter which is broadly contemplated by the 
present invention. It is further understood that the scope of the 
present invention fully encompasses other embodiments that 
may become obvious to those skilled in the art and that the 
Scope is accordingly not limited. 
0090 While various embodiments have been described 
above, it should be understood that they have been presented 
by way of example only, and not of limitation. The breadth 
and scope should not be limited by any of the above-described 
exemplary embodiments. Where this document refers to tech 
nologies that would be apparent or known to one of ordinary 
skill in the art, such technologies encompass those apparent 
or known to the skilled artisan now or at any time in the future. 
In addition, the described embodiments are not restricted to 
the illustrated example architectures or configurations, but 
the desired features can be implemented using a variety of 
alternative architectures and configurations. As will become 
apparent to one of ordinary skill in the art after reading this 
document, the illustrated embodiments and their various 
alternatives can be implemented without confinement to the 
illustrated example. One of ordinary skill in the art would also 
understand how alternative functional, logical or physical 
partitioning and configurations could be utilized to imple 
ment the desired features of the described embodiments. 

0091. Furthermore, although items, elements or compo 
nents may be described or claimed in the singular, the plural 
is contemplated to be within the scope thereof unless limita 
tion to the singular is explicitly stated. The presence of broad 
ening words and phrases such as "one or more.” “at least.” 
“but not limited to,” or other like phrases in some instances 
shall not be read to mean that the narrower case is intended or 
required in instances where such broadening phrases may be 
absent. 

0092 All references cited herein are expressly incorpo 
rated by reference. 
What is claimed is: 

1. A system for emulating in a first garden a desired set of 
garden parameters comprising a remote platform configured 
tO: 

receive at least a first desired garden parameter; 
analyze the first desired garden parameter; and 
generate a data set based at least in part on the analysis of 

the first desired garden parameter. 
2. The system of claim 1, wherein the remote platform is 

configured to receive the first desired garden parameter from 
one or more sensors installed in a first garden. 
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3. The system of claim 1, wherein the data set includes 
instructions to perform at least one of the following: open or 
close a first sprinkler valve, add fertilizer, apply mulch, and 
provide covering. 

4. The system of claim 2, further comprising a first con 
troller that is configured to control a first sprinkler valve in the 
first garden. 

5. The system of claim 4, wherein the remote platform is 
further configured to transmit the data set to the first control 
ler. 

6. The system of claim 2, wherein the remote platform is 
further configured to transmit the data set to a first sensor 
installed in the first garden, and wherein the first sensor is 
configured to control a first sprinkler valve. 

7. The system of claim 2, wherein the remote platform is 
configured to transmit the data set to a user associated with the 
first garden. 

8. The system of claim 2, wherein the remote platform is 
configured to transmit the data set to a hub controller config 
ured to control a first sprinkler valve and a second sprinkler 
valve in the first garden. 

9. The system of claim 1, wherein the set of desired garden 
parameters comprises at least one of the following: Soil mois 
ture, Soil salinity, Soil temperature, soil pH, external tempera 
ture, external humidity, and light exposure. 

10. The system of claim 1, wherein the data set is generated 
further based at least in part on one or more of the following: 
a weather forecast, a user input, a first historical garden 
parameters from the first garden, a second current garden 
parameters from a second garden, and a second historical 
garden parameters from the second garden. 

11. A method for emulating in a first garden a desired set of 
garden parameters comprising: 

receiving at least a first desired garden parameter; 
analyzing the first desired garden parameter; and 
generating a data set based at least in part on the analysis of 

the first desired garden parameter. 
12. The method of claim 11, wherein the first desired 

garden parameter is based on information from one or more 
sensors installed in a first garden. 

13. The method of claim 11, wherein the data set includes 
instructions to perform at least one of the following: open or 
close a first sprinkler valve, add fertilizer, apply mulch, and 
provide covering. 

14. The method of claim 12, further comprising the step of 
transmitting the data set to a first controller that is configured 
to control a first sprinkler valve in the first garden. 

15. The method of claim 12, further comprising the step of 
transmitting the data set to a first sensor installed the first 
garden, and wherein the first sensor is configured to control a 
first sprinkler valve. 

16. The method of claim 12, further comprising the step of 
transmitting the data set to a user associated with the first 
garden. 

17. The method of claim 12, further comprising the step of 
transmitting the data set to a hub controller configured to 
control a first sprinkler valve and a second sprinkler valve in 
the first garden. 

18. The method of claim 11, wherein the set of desired 
garden parameters comprises at least one of the following: 
soil moisture, Soil salinity, Soil temperature, Soil pH, external 
temperature, external humidity, and light exposure. 

19. The method of claim 11, wherein the data set is gener 
ated further based at least in part on one or more of the 
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following: a weather forecast, a user input, a first historical 
garden parameters from the first garden, a second current 
garden parameters from a second garden, and a second his 
torical garden parameters from the second garden. 

k k k k k 


