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herein. Some methods include receiving collection of micro-climate data having weather data from a weather station that is proximate
a target area, canopy imaging for the target area, depth-specific soil data for the target area, plant health data that includes stomatal
conductance and evapotranspiration for plants in the target area, and selectively adjusting operation of an irrigation system so as to
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SYSTEMS AND METHODS FOR SOIL MODELING AND AUTOMATIC
IRRIGATION CONTROL

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This non-provisional patent application claims the benefit and priority of U.S.
Provisional Application Serial Number 62/418,675, filed on November 7, 2016, which is
hereby incorporated by reference herein in its entirety including all references and

appendices cited therein.

FIELD OF THE TECHNOLOGY

[0002]  The present technology relates generally to farm irrigation, and more
specifically, but not by limitation to multi-modal irrigation systems and methods for
improving irrigation for various plants, trees, and other flora in a farm in order to

improve farm performance.
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SUMMARY OF THE PRESENT TECHNOLOGY

[0003]  According to some embodiments, the present disclosure is related in general
to a system for automatic irrigation for a micro-climate area, the system comprising: a
weather station for obtaining weather data near a target area; a mesh network; a sensor
platform having a plurality of sensors comprising: sensors measuring soil moisture at
various depths in the target area; sensors measuring soil salinity at the various depths
in the target area; sensors measuring soil temperature at the various depths in the target
area; water pressure sensors coupled with an irrigation assembly; flow meters for the
irrigation assembly; plant health sensors; and wherein the sensor platform comprises a
controller that periodically wakes each of the plurality of sensors and transmits sensor
data from each of the plurality of sensors over the mesh network; and a base station
that: receives the sensor data from the sensor platform over the mesh network; analyzes
the sensor data in combination with any of low-altitude and high-altitude imaging of
the target area to determine if the target area requires watering; and selectively controls
any of a variable speed pump and water valves of an irrigation system that provides
water to the target area in response to the analysis.

[0004]  According to some embodiments, the present disclosure is related in general
to a method for automatic irrigation for a micro-climate area, the method comprising:
receiving collection of micro-climate data comprising: weather data from a weather
station that is proximate a target area; canopy imaging for the target area, comprising
any of low-altitude and high-altitude images; depth-specific soil data for the target area;
plant health data that comprises stomatal conductance and evapotranspiration for
plants in the target area; stem water potential with select plants; and selectively
adjusting operation of an irrigation system so as to increase or decrease water applied

to the target area based on analysis of the micro-climate data.



WO 2018/085452 PCT/US2017/059597

[0005]  According to some embodiments, the present disclosure is related in general
to a system for automatic irrigation for a micro-climate area, the system comprising: a
weather station for obtaining weather data near a target area; a sensor platform having
a plurality of sensors comprising: subterranean sensors for measuring any of soil
moisture, soil salinity, and soil temperature; and on-plant sensors measuring any of
stomatal conductance and evapotranspiration of plants in the target area; a controller
that periodically wakes each of the plurality of sensors and transmits sensor data from
each of the plurality of sensors over a mesh network; and a base station that selectively
controls any of a variable speed pump and water valves of an irrigation system that
provides water to the target area based on the sensor data, the weather data, and aerial

images of the target area.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006]  The accompanying drawings, where like reference numerals refer to identical
or functionally similar elements throughout the separate views, together with the
detailed description below, are incorporated in and form part of the specification, and
serve to further illustrate embodiments of concepts that include the claimed disclosure,
and explain various principles and advantages of those embodiments.

[0007]  The methods and systems disclosed herein have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present disclosure so
as not to obscure the disclosure with details that will be readily apparent to those of
ordinary skill in the art having the benefit of the description herein.

[0008]  FIG. 1 is a perspective view of an example environment and system for
practicing aspects of the present disclosure.

[0009]  FIG. 2 is a schematic diagram of an example computing architecture that can
be used to implement aspects of the present disclosure.

[0010]  FIG. 3 is a schematic diagram of an example set of modules that are used to
process sensor and/or other farm data in accordance with the present disclosure.

[0011]  FIG. 4 is an example flow diagram of a process for calculating a health score
for a target area.

[0012]  FIG. 5 is an example topology of an example system of the present disclosure.
[0013]  FIGs. 6A-C collectively illustrate hydrology models generate use of
subterranean soil sensors, in accordance with the present disclosure.

[0014]  FIGs. 7-9 collectively illustrate various schematic representations of
subterranean soil sensors and various voltage-specific and sector measurements.

[0015]  FIG. 10 is a flowchart of an example method for automatic irrigation for a

micro-climate area, performed in accordance with the present disclosure.
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[0016]  FIG. 11 illustrates an exemplary computing system that may be used to

implement embodiments according to the present disclosure.
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DETAILED DESCRIPTION

[0017]  According to some embodiments, the present disclosure provides solutions to
increase farm efficiency and profitability by reducing water, pesticide, and other
resource consumption and increasing yield. The systems and methods herein utilize
rich data, analytics and machine learning platforms.

[0018]  Generally described, the systems herein comprise instrumenting a farm (with
one or more target areas) with in-field sensors such as subterranean, on-plant, and
atmospheric, which collect highly granular and accurate farm data. Some sensors are
specifically deployed, such subterranean sensors that are located various in at differing
soil depths to obtain highly granular moisture data from adjacent soil. Using this
highly granular and detailed information, accurate predictive analytics and modeling
related to farm health, plant health, water usage, can be realized. These analytics and
modeling can be utilized to selectively adjust irrigation through automatic pump and/or
valve actuators and transducers.

[0019]  These systems and methods can also accurately calculate stem water potential
without the need to harm plants through sampling and cutting, and also eliminates
subjective human error that is commonplace. That is, rules established for the systems
of the present disclosure provide convert objective measurements of soil, plant, and
atmospheric conditions obtained in real-time, into actionable metrics and models that
allow for selective control of irrigation systems. For example, using fixed depth
subterranean sensors that measure soil temperature, moisture, and salinity, water flow
rates and porosity of soil can be inferred. These models are used to intelligently select
irrigation schedules for a target area of a farm.

[0020]  The present disclosure leverages discovery of a set of plant health metrics

using data from tree circumference, soil moisture and weather to predict stem water
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potential (SWP) with accuracy. The machine learning aspects of the present technology
allow for accuracy of the SWP calculations to improve over time.

[0021]  Systems of the present disclosure also provide a pest detection engine that
analyzes weather patterns to predict pest and disease pressure across the farm. A
chemical spray can cost thousands of dollars and failure to identify pests can create a
catastrophic loss.

[0022]  All components of these systems are extensible and can interface with other
field measurements, sources, and these components can be integrated into the systems
and methods of the present disclosure.

[0023]  Many farm practices require timely and accurate weather information. The
present disclosure ensures timely micro-climate data. Farms, such as orchards are
composed of some of the most complex plants in agriculture. Their effective root zone
extends many feet into the soil requiring monitoring of soil temperature, water content,
and salinity at many depths. Subterranean, fixed depth sensors are used to measure
these values at varying depths in a target area. Sensor data from these sensors can be
used to calculate accurate soil porosity, soil moisture, percolation (e.g., flow) rates, and
so forth.

[0024]  The present disclosure also provides systems that monitor both leaf wetness,
and the dynamic changes of trunk circumference of a plant such as a tree. By
monitoring diurnal change of the plant’s size, the systems of the present disclosure can
use the trees as the most accurate sensor of the target area available: the trees
themselves. Plant health sensors also enable forecasting needs for irrigation, and
probability of which pests, and when they may be in the target area.

[0025] In some embodiments, the systems and methods disclosed herein utilize
canopy imaging. For example, low-altitude imagery analytics provide insight about
tield and plant health for non-permanent crops. These metrics can be used to inform the

systems of the present disclosure about irrigation, fertilizer, plant stress, pests, disease,
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and irrigation system maintenance. Additionally, the image data collected can be used
to train the systems to generate future yield prediction. In another embodiment, high-
altitude data analytics provide insight into industry wide crop health, stress and yield
predictions. In some embodiments, both low and high altitude images are utilized.
[0026]  The systems of the present disclosure are also configured to selective and
automatically control operation of irrigation systems on the farm (e.g., target area)
based on the analytics related to soil parameters, weather parameters, aerial imaging,
and so forth. To be sure, irrigation controls are necessary to control water usage on a
granular level. These allow precision targeting of water and fertilizer, at a level of 1-10
trees, for example. Irrigation control allows for minimization of waste while
maximizing yield, as well as automating farm processes. The systems and method
herein can selectively adjust pumps and/or valves of an irrigation system to increase
and/or decrease the flow of water to a target area based on the robust analytics and
modeling described herein.

[0027]  Insum, the present disclosure provides an integrated management platform
that allows farmers to automatically control irrigation, as well as optimize irrigation
and fertilizer decisions, predict pest and disease infestation and suggest appropriate
mitigation, analyze financial impact of pest and disease infestation, predict yield and
market price of crop, and suggest hedges against variance, allow farmers to visualize all
key data about their farmland, and connect farmers to key suppliers such as pest control
agencies —just to name a few.

[0028]  FIG. 1 illustrates a perspective view of an example system of the present
disclosure. The system 100 is configured to operate in a target area 101, for example an
orchard on a farm. The system 100 generally comprises a base station 102, a weather
station 104, a plurality of subterranean soil sensors 106, a plurality of plant health
sensors 108, irrigation control (flow and valve control) 110 inside the base station 102,

and one or more valve or pumps 112 that control an irrigation system. Analytics
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included in the system 10 can be implemented at the base station 102 or in a cloud
server 114. Users can access the system 100 through terminals such as terminal 116 or
terminal 118.

[0029]  In general, the system 100 includes sensors, data analytics, and closed loop
control of the irrigation system. The system 100 implements one or more algorithms
that optimize water usage, and time the water is applied to the farm (irrigation
schedules). This algorithm factors in cost of water, cost of electricity, health of the plant,
moisture in the soil (obtained using the subterranean sensors described infra), salinity of
the soil, local micro-climate (weather), and preferred cultural factors that each farmer
employs.

[0030]  In some embodiments, the system has the ability to forecast (estimate) future
plant health based on water stress, by for example, correlating data from plant, weather,
and soil to SWP.

[0031]  Another challenge in standard practices is a dependency on very sparse data
and a lack of a structured system for confirming sensor data integrity and consistency
with other indications on the same farm.

[0032] By modeling a water cycle and usage on the farm (target area) understanding
source of water (rain and flow meter), flow of water under the ground (moisture
sensors), use of water within the plant (plant sensors), local evaporation on the farm
(micro-climate), the system is aware of every element of the water cycle in the target
area. With this holistic representation of the target area, the systems of the present
disclosure can detect inconsistency in sensor readings such that even soft failures that
can be the result of an intermittent issue.

[0033] By way of example, if the system senses rain and/or water flow, and the
subterranean sensors are not sensing moisture entering the soil, and/or plant health
sensors are not sensing plant water usage, the system can accurately assess soil

moisture sensor operation is not consistent.
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[0034] In another example, when deploying more sensors in a farm than a single
instance of any type of sensor, the system can be configured to validate that each sensor
returns values that are close in value to each other, as the system is installed in a similar
micro-climate, and under the same irrigation management processes. Any major
difference between sensors represents either faulty sensors, or a need for the farmer to
take action to achieve better water consistency in the field. The system can implement
thresholds are set relative to crop type and current irrigation practices in use. Again,
these parameters such as current irrigation practices can be directly measured in real-
time using the systems of the present disclosure.

[0035] In yet another example, the system can utilize weather information for each
region provided by a government (for example in California data is available through
C.IM.LS.), and compare that weather information to the local micro- climate.
Differences are noted, and if they trend consistently, such information indicates a need
to validate a sensor before actions are taken in a closed loop system, such as those
disclosed herein.

[0036]  Again, these direct, closed loop systems provide direct and automatic control
of the irrigation flow and schedule based on the sensors and data obtained by the
system.

[00371 The system calculates an overall farm health score, and as such, creates a
structure than enables systemic changes to cultural practices to improve overall farm
health and business profitability. Data from multiple sources, both proprietary and
third party, are factored together to create this health score. An overall process for
calculating a health score is provided with respect to FIG. 4.

[0038] In general, the system can implement a highly granular acre block resolution
plant health/stress analysis engine that evaluates water stress, chemical stress, pest
stress, yield prediction, and the like. The system can also comprise a highly granular

block resource recommendation engine that provides for target area water needs,
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potential remediating actions, user-enabled action or automation, chemical needs,
potential actions, user-enabled action or automation, pesticide, biomarker needs,
potential actions, user-enabled action or automation, public satellite imagery data
source ingestion, potential actions, user-enabled action or automation, public weather
and environmental data source ingestion. The system can also be adapted to allow for
public soil data ingestion, user enabled data share permissions with U.C.C.E. farm
advisers, and provide for aggregated private data based analytics.

[0039]  The system can accept user inputs such as field coordinates (target area
coordinates), crop type, crop genetics, and source, as well as historical and/or predictive
information such as environmental and/or field instrumentation data, cultural practices,
crop yield, and so forth.

[0040]  The system can provide reports such as crop yield prediction, which involves
environmental stimuli based yield output, water recommendations such as watering
control/ recommendation based off of local weather patterns, crop water requirements,
and field available water content. The system can also provide fertilizer
recommendations such as nutrient needs based off of irrigation needs and predicted
yield. Pesticide recommendations based on risk of infestation, risk level, and methods
to verify infestation can also be provided. Also, alerts for weather issues such as frost,
flood, and heat stress can be output by the systems of the present disclosure.

[0041]  FIG. 2 illustrates an example computing architecture of an example system of
the present disclosure, where the system 200 comprises a sensor network (plurality of
sensors) 202 that are disposed at a target area of a farm. These sensors are coupled to an
API service 204 that stores sensor data in a RDBMS 206. An application server 207
implements the irrigation and pest engines described. The application server 207 can
access the sensor data. Analytics, modeling, and so forth can be stored in a filesystem
208. A farmer can access the system and its various analytics and features through a

terminal such as laptop 210.
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[0042]  The API service 204 and application server 207 and constituent components
can be implemented in a cloud service as noted above.

[0043]  FIG. 3 illustrates an example schematic diagram of application modules and
logic that can be implemented in the cloud or in a base station of the present disclosure.
In some embodiments, third-party data such as weather data, historical crop data, land
records, and so forth can be received in module 302. Various sensors collection can
occur through module 304 and image data (both low and high altitude) can be obtained
through module 306. In some embodiments, sensor data validation can occur through
module 308. For example, sensor data from a plurality of similar sensors in a given area
can be compared. Large deltas in individual sensor data can indicate an erroneous or
errant sensor. Predictive evapotranspiration analytics can be calculated using, for
example weather data and plant health sensors that measure real-time
evapotranspiration in module 310. Predictive SWP data can be calculated by module
312.

[0044]  Water pump and electrical optimization can be controlled using module 314.
For example, using the various modeling and analytics described herein, the module
314 can be utilized to selectively control operation of pumps and/or valves that control
water flow and irrigation to a target area. Max yield predictions for a target area can be
implemented through module 316.

[0045] In some embodiments, the system can comprise a module that controls
irrigation scheduling based on, for example, subterranean sensors, plant health sensors,
aerial imagery, and so forth, in module 318. Additional modules such as module 320
can detect and report nitrate and irrigation usage, whereas module 322 can be utilized
to provide closed loop irrigation control (in combination with module 314).

[0046]  The system can also implement various GUIs through a graphical
representation module 324. These GUISs allow a farmer or other user to access the

functionalities and reporting (as well as alerts) of the system. The user can input
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various types of information through these GUISs such as field coordinates (target area),
crop type, crop genetics and source, historical environmental and/or field
instrumentation data, historical and future cultural practices, and historical yield and
future yield —just to name a few.

[0047]  FIG. 4 illustrates an example schematic diagram for calculating a health score
for a target area of a farm. The diagram specifies that various types of automatic or real
time data can be obtained from various sensors such as subterranean sensors, weather
sensors, and plant health sensors. Third party data can be obtained such as aerial
imagery, water cost, property tax, soil type, and so forth. Manually obtained
information can be utilized as well such as chemical soil composition, plant tissue
sampling, yield by crop, irrigation system specifications, plant disease records, pest
records, historical harvest and planting data, and so forth. Further, the analysis can
include historical third-party data such as satellite imagery, weather data (historical),
and yield per tree for crop and plant type. These various parameters can be analyzed to
generate a health score that ranges from 300 to 850, as defined by various ranges or
bands.

[0048]  FIG. 5 is a schematic diagram of an example system implementation with a
sensor topology. The topology includes hardware elements deployed on a farm. The
topology generally comprises a base station 502, a sensor platform 504 (each having one
or more types of sensors), providing closed loop control over mechanical components of
an irrigation system such as a pump or valve 506. The topology can comprise
additional or fewer components.

[0049]  According to some embodiments (in view of FIG. 1), the base station 502
connects a mesh network of sensors to a cloud service, and also connects to sensors that
need a pole above a canopy (tree or plant tops). The base station 502 can comprise an

embedded computer that connects to the mesh network radio, the cell radio, a weather
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station 508, and so forth. The embedded computer archives sensor data collected on the
farm for a period of at least a year, in non-volatile flash memory.

[0050]  The pole on which the base station is mounted can also implement
components for solar power. A weather station 508 can also be coupled to this pole,
and a cellular antenna for range and coverage. An example sensor platform 504 can be
configured to periodically wake up, read local sensors, share that sensor data over the
mesh network, and return to sleep to conserve power. This can be implemented
through a controller. Again, sensors that can be coupled to a sensor platform include
soil moisture, soil salinity, and soil temperature, plant health, water pressure, weather,
flow meter (flow through irrigation system) — just to name a few.

[0051]  In one embodiment, the sensor platform 504 comprises a micro-controller,
that wakes up, reads all attached sensors, sends data over the wireless mesh to the base
station (or a redundant base station if transmission unsuccessful), and returns to sleep.
[0052]  Insome embodiments, the sensor platform 504 can wakes up at a periodic
interval, generally multiple times a day, and repeat the above process. In one or more
embodiments, the sensor platform 504 comprises a magnetometer and a three-axis
accelerometer. Output of these components can be used to detect movement or
relocation of the sensor platform. Indeed, theft or vandalism is not uncommon on
farms. These farms are large tracks of land that have many individuals on the farm
throughout the day from outside service agencies (e.g., pest, irrigation, etc.): and hence,
protecting equipment with physical security is impractical.

[0053]  The inclusion of the motion sensor and magnetometer enables sensing either
theft, or damage (intentional or not). When the sensor platform moves, it wakes up
from sleep, and transmits a broadcast message to others indicating movement. This
enables the base station to know when movement of the sensor platform occurred, and

also starts tracking the movement by using the mesh network.
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[0054]  One additional benefit is that the system senses when heavy equipment nears
the sensor platform (by sensing movement of the sensor platform caused by ground
motion), enabling creation of a timestamp of when a major cultural practice specifically
occurs. These events can be correlated to operations such as harvest, spraying
pesticides, mechanical pruning, and so forth.

[0055]  The topology also provides for closed loop control by base station access to
either a variable speed pump control or control of water valves of an irrigation system.
[0056]  According to some embodiments, the present disclosure provides systems
that can utilize subterranean soil sensors provided at fixed depths in a target area.
[0057] A sensor assembly is installed perpendicular to horizon to ensure that water
content is traced as it descends through the vadose region of the soil in the target area.
Subterranean sensor data is sampled at a fixed duration but staggered by non-
overlapping intervals to ensure accurate measurements at each of depth. The
subterranean sensors record the volumetric water content with a time stamp at the time
of data collection. This data is stored either locally or by means of a cloud-based data
backhaul.

[0058]  During an irrigation event, a volumetric subterranean soil sensor experiences
a rapid delta as water permeates the soil. Some portion of the water is absorbed by the
roots of an adjacent plant in the target area but a remainder continues to flow through
the soil downward. The timing of the soil moisture rate of absorption is affected by the
existing moisture in the soil and soil porosity. By subtracting out the soil moisture by
the analytics of the system (such as those in the base station), it is possible to
characterize the flow rate and therefore the porosity. This calculation is a better proxy
for the water available for root uptake and energy required for water uptake because it
is the actual soil rate of absorption rather than an approximation based on a soil
characterization. Again, the lack of homogeneity in soil creates complications when soil

characterization is relied upon, due to fact that soil is rarely homogenous. For example,
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a depth of soil in an area may have combinations of clay, sand, volcanic, or even
stratified layers of types of soil.

[0059]  The systems and methods herein can determine water content and movement
in a horizontal direction in a volume of soil immediately adjacent to a subterranean soil
sensor. By being able to determine soil moisture content in radial rings around a sensor,
combined with a vertical sampling of soil moisture (and collecting a time series of such
measurements) a soil hydrology model can be constructed with higher fidelity than
previously possible. These models are referred to as three-dimensional soil moisture
topography graphs.

[0060]  Volumetric water content measured with using the subterranean soil sensors
allows for integration of water molecules in a range of influence of a stimulated Radio
Frequency (RF) emitted by the subterranean soil sensor(s). As the sensors range is set by
an activation voltage that is applied to the broadside antennas, one can increase or
decrease the volume of influence measured by changing the voltage applied to the
antennas.

[0061] A series of measurements are obtained with increasing voltage steps, and
from that, a change in water content is related to the change in volume measured.
Hence, the system can infer radial water content differences, which further enables a
means to calculate a movement of water horizontally around an axis of measurement.
[0062]  This process further enables the system to subtract out water content near a
given subterranean soil sensor that may have a less accurate contribution to the
volumetric water content, which may be due, in part, to the hydroscopic nature of the
packaging of the sensor.

[0063] By taking measurements vertically with multiple subterranean soil sensors,
horizontally by varying the activation energy on the stimulus antennas, and doing these
over a period of time — the system can then construct a representation of a movement of

water over time in both vertical and horizontal directions. FIGS. 6A-C are three
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snapshots of a soil hydrology profile created from the sensor data of vertically arranged
subterranean soil sensors at differing depths relative to one another.

[0064] In some embodiments, if a subterranean soil sensor is constructed with
multiple antennas at each level, and those antennas were directional in nature, and
were a subset of a full arc of a circle, the system can infer further resolution on the
horizontal movement of water at each depth (e.g., location where the subterranean soil
sensors are placed in fixed position in a column of soil.

[0065]  The combination of these measurement extensions enables a four dimensional
representation of soil hydrology, in three-dimensional space, with time as the fourth
dimension.

[0066]  FIG. 7 illustrates an example of a radial volumetric measurement of water
using subterranean soil sensors of the present disclosure. By way of example, readings
obtained at three voltages are illustrated, although additional sensors and unique
voltages can be utilized.

[00671 Again, if a subterranean soil sensor 700 is constructed with multiple antennas
at each level (e.g., 702-706), and those antennas were directional in nature, and were a
subset of a full arc of a circle, the system can infer further resolution on the horizontal
movement of water at each depth (e.g., location where the subterranean soil sensors are
placed in fixed position in a column of soil.

[0068]  The subterranean soil sensor provides for low, mid, and high voltage volume
measurements of water in the soil. As water content measured is an integral of all
water molecules present in the soil, by subtracting a ring immediately inside the ring
being measured, the system (such as the base station) can obtain sectional
measurements. When these are coupled with time series measurements, an inference of
water movement (e.g., percolation through a column of soil) is determinable.

[0069]  FIG. 8 illustrates a side elevation view of the radial volumetric measurement

of FIG. 7. In this example, measurements of moisture in the soil are obtained both
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horizontally and vertically. In FIG. 9, sectional measurements at each vertical level are
illustrated. In this example, eight sections at each vertical are obtained and analyzed.
This can be implemented by having eight antennas, each disposed at different radial
positions.

[0070]  FIG. 10is a flowchart of an example method of the present disclosure. The
method comprises a step 1002 of receiving collection of micro-climate data comprising
weather data from a weather station that is proximate a target area, canopy imaging for
the target area, comprising any of low-altitude and high-altitude images, depth-specific
soil data for the target area, and plant health data that comprises stomatal conductance
and evapotranspiration for plants in the target area.

[0071]  The method comprises processing the collected information by a step 1004 of
sampling the sensor data of the depth-specific soil data at a fixed duration, but
staggered by non-overlapping intervals. FIGs. 7-9 collectively illustrate the use of
depth-specific subterranean soil sensors.

[0072]  Next, the method includes a step 1006 of modeling a flow rate through soil in
the target area by removing soil moisture values from a soil moisture rate during an
irrigation event, and a step 1008 of determining a porosity and flow rate of the soil
based on the modeling.

[0073]  The method also comprises a step 1010 of selectively adjusting operation of
an irrigation system so as to increase or decrease water applied to the target area based
on analysis of the micro-climate data. This can include, for example, creating irrigation
schedules for watering the target area. The valves and/or pumps of an irrigation system
can be operated/actuated based on these irrigation schedules.

[0074]  FIG. 11 is a diagrammatic representation of an example machine in the form
of a computer system 1, within which a set of instructions for causing the machine to
perform any one or more of the methodologies discussed herein may be executed. In

various example embodiments, the machine operates as a standalone device or may be
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connected (e.g., networked) to other machines. In a networked deployment, the
machine may operate in the capacity of a server or a client machine in a server-client
network environment, or as a peer machine in a peer-to-peer (or distributed) network
environment. The machine may be a personal computer (PC), a tablet PC, a set-top box
(STB), a personal digital assistant (PDA), a cellular telephone, a portable music player
(e.g., a portable hard drive audio device such as an Moving Picture Experts Group
Audio Layer 3 (MP3) player), a web appliance, a network router, switch or bridge, or
any machine capable of executing a set of instructions (sequential or otherwise) that
specify actions to be taken by that machine. Further, while only a single machine is
illustrated, the term “machine” shall also be taken to include any collection of machines
that individually or jointly execute a set (or multiple sets) of instructions to perform any
one or more of the methodologies discussed herein.

[0075]  The example computer system 1 includes a processor or multiple processor(s)
5 (e.g., a central processing unit (CPU), a graphics processing unit (GPU), or both), and
a main memory 10 and static memory 15, which communicate with each other via a bus
20. The computer system 1 may further include a video display 35 (e.g., a liquid crystal
display (LCD)). The computer system 1 may also include an alpha-numeric input
device(s) 30 (e.g., a keyboard), a cursor control device (e.g., a mouse), a voice
recognition or biometric verification unit (not shown), a drive unit 37 (also referred to as
disk drive unit), a signal generation device 40 (e.g., a speaker), and a network interface
device 45. The computer system 1 may further include a data encryption module (not
shown) to encrypt data.

[0076]  The disk drive unit 37 includes a computer or machine-readable medium 50
on which is stored one or more sets of instructions and data structures (e.g., instructions
55) embodying or utilizing any one or more of the methodologies or functions described
herein. The instructions 55 may also reside, completely or at least partially, within the

main memory 10 and/or within the processor(s) 5 during execution thereof by the
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computer system 1. The main memory 10 and the processor(s) 5 may also constitute
machine-readable media.

[0077]  The instructions 55 may further be transmitted or received over a network
(e.g., network 120) via the network interface device 45 utilizing any one of a number of
well-known transfer protocols (e.g., Hyper Text Transfer Protocol (HTTP)). While the
machine-readable medium 50 is shown in an example embodiment to be a single
medium, the term "computer-readable medium" should be taken to include a single
medium or multiple media (e.g., a centralized or distributed database and/or associated
caches and servers) that store the one or more sets of instructions. The term "computer-
readable medium" shall also be taken to include any medium that is capable of storing,
encoding, or carrying a set of instructions for execution by the machine and that causes
the machine to perform any one or more of the methodologies of the present
application, or that is capable of storing, encoding, or carrying data structures utilized
by or associated with such a set of instructions. The term "computer-readable medium”
shall accordingly be taken to include, but not be limited to, solid-state memories, optical
and magnetic media, and carrier wave signals. Such media may also include, without
limitation, hard disks, floppy disks, flash memory cards, digital video disks, random
access memory (RAM), read only memory (ROM), and the like. The example
embodiments described herein may be implemented in an operating environment
comprising software installed on a computer, in hardware, or in a combination of
software and hardware.

[0078]  One skilled in the art will recognize that the Internet service may

be configured to provide Internet access to one or more computing devices that are
coupled to the Internet service, and that the computing devices may include one or
more processors, buses, memory devices, display devices, input/output devices, and the
like. Furthermore, those skilled in the art may appreciate that the Internet service may

be coupled to one or more databases, repositories, servers, and the like, which may be
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utilized in order to implement any of the embodiments of the disclosure as described
herein.

[0079] The corresponding structures, materials, acts, and equivalents of all means or
step plus function elements in the claims below are intended to include any structure,
material, or act for performing the function in combination with other claimed elements
as specifically claimed. The description of the present disclosure has been presented for
purposes of illustration and description, but is not intended to be exhaustive or limited
to the present disclosure in the form disclosed. Many modifications and variations will
be apparent to those of ordinary skill in the art without departing from the scope and
spirit of the present disclosure. Exemplary embodiments were chosen and described in
order to best explain the principles of the present disclosure and its practical
application, and to enable others of ordinary skill in the art to understand the present
disclosure for various embodiments with various modifications as are suited to the
particular use contemplated.

[0080]  Aspects of the present disclosure are described above with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems) and
computer program products according to embodiments of the present disclosure. It
will be understood that each block of the flowchart illustrations and/or block diagrams,
and combinations of blocks in the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These computer program instructions
may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of the computer or other
programmable data processing apparatus, create means for implementing the
functions/acts specified in the flowchart and/or block diagram block or blocks.

[0081]  These computer program instructions may also be stored in a computer

readable medium that can direct a computer, other programmable data processing
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apparatus, or other devices to function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of manufacture including
instructions which implement the function/act specified in the flowchart and/or block
diagram block or blocks.

[0082]  The computer program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other devices to cause a series of
operational steps to be performed on the computer, other programmable apparatus or
other devices to produce a computer implemented process such that the instructions
which execute on the computer or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart and/or block diagram block
or blocks.

[0083]  While this technology is susceptible of embodiment in many different forms,
there is shown in the drawings and will herein be described in detail several specific
embodiments with the understanding that the present disclosure is to be considered as
an exemplification of the principles of the technology and is not intended to limit the
technology to the embodiments illustrated.

[0084]  The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the technology. As used herein,
the singular forms "a", "an" and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises" and/ or "comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups thereof.

[0085] It will be understood that like or analogous elements and/or components,
referred to herein, may be identified throughout the drawings with like reference

characters. It will be further understood that several of the figures are merely schematic
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representations of the present disclosure. As such, some of the components may have
been distorted from their actual scale for pictorial clarity.

[0086]  The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and
computer program products according to various embodiments of the present
disclosure. In this regard, each block in the flowchart or block diagrams may represent
a module, segment, or portion of code, which comprises one or more executable
instructions for implementing the specified logical function(s). It should also be noted
that, in some alternative implementations, the functions noted in the block may occur
out of the order noted in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the blocks may sometimes be
executed in the reverse order, depending upon the functionality involved. It will also
be noted that each block of the block diagrams and/or flowchart illustration, and
combinations of blocks in the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hardware and computer
instructions.

[0087] In the following description, for purposes of explanation and not limitation,
specific details are set forth, such as particular embodiments, procedures, techniques,
etc. in order to provide a thorough understanding of the present invention. However, it
will be apparent to one skilled in the art that the present invention may be practiced in
other embodiments that depart from these specific details.

[0088]  Reference throughout this specification to "one embodiment” or "an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
invention. Thus, the appearances of the phrases "in one embodiment" or "in an

embodiment” or "according to one embodiment” (or other phrases having similar
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import) at various places throughout this specification are not necessarily all referring
to the same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.
Furthermore, depending on the context of discussion herein, a singular term may
include its plural forms and a plural term may include its singular form. Similarly, a
hyphenated term (e.g., "on-demand") may be occasionally interchangeably used with its
non-hyphenated version (e.g., "on demand"), a capitalized entry (e.g., "Software") may
be interchangeably used with its non-capitalized version (e.g., "software"), a plural term
may be indicated with or without an apostrophe (e.g., PE's or PEs), and an italicized
term (e.g., "N+1") may be interchangeably used with its non-italicized version (e.g.,
"N+1"). Such occasional interchangeable uses shall not be considered inconsistent with
each other.

[0089]  Also, some embodiments may be described in terms of “means for”
performing a task or set of tasks. It will be understood that a “means for” may be
expressed herein in terms of a structure, such as a processor, a memory, an I/O device
such as a camera, or combinations thereof. Alternatively, the “means for” may include
an algorithm that is descriptive of a function or method step, while in yet other
embodiments the “means for” is expressed in terms of a mathematical formula, prose,
or as a flow chart or signal diagram.

[0090] It is noted at the outset that the terms "coupled,” "connected”, "connecting,”
"electrically connected," etc., are used interchangeably herein to generally refer to the
condition of being electrically/electronically connected. Similarly, a first entity is
considered to be in "communication” with a second entity (or entities) when the first
entity electrically sends and/or receives (whether through wireline or wireless means)
information signals (whether containing data information or non-data/control

information) to the second entity regardless of the type (analog or digital) of those
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signals. It is further noted that various figures (including component diagrams) shown
and discussed herein are for illustrative purpose only, and are not drawn to scale.
[0091]  While specific embodiments of, and examples for, the system are described
above for illustrative purposes, various equivalent modifications are possible within the
scope of the system, as those skilled in the relevant art will recognize. For example,
while processes or steps are presented in a given order, alternative embodiments may
perform routines having steps in a different order, and some processes or steps may be
deleted, moved, added, subdivided, combined, and/or modified to provide alternative
or sub-combinations. Each of these processes or steps may be implemented in a variety
of different ways. Also, while processes or steps are at times shown as being performed
in series, these processes or steps may instead be performed in parallel, or may be
performed at different times.

[0092]  If any disclosures are incorporated herein by reference and such
incorporated disclosures conflict in part and/or in whole with the present disclosure,
then to the extent of conflict, and/or broader disclosure, and/or broader definition of
terms, the present disclosure controls. If such incorporated disclosures conflict in part
and/or in whole with one another, then to the extent of conflict, the later-dated
disclosure controls.

[0093]  The terminology used herein can imply direct or indirect, full or partial,
temporary or permanent, immediate or delayed, synchronous or asynchronous, action

non

or inaction. For example, when an element is referred to as being "on," "connected" or
"coupled” to another element, then the element can be directly on, connected or
coupled to the other element and/or intervening elements may be present, including
indirect and/or direct variants. In contrast, when an element is referred to as being

"directly connected” or "directly coupled" to another element, there are no intervening

elements present.
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[0094] Although the terms first, second, etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these elements, components,
regions, layers and/or sections should not necessarily be limited by such terms. These
terms are only used to distinguish one element, component, region, layer or section
from another element, component, region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be termed a second
element, component, region, layer or section without departing from the teachings of
the present disclosure.

[0095] Any and/or all elements, as disclosed herein, can be formed from a same,
structurally continuous piece, such as being unitary, and/or be separately
manufactured and/or connected, such as being an assembly and/or modules. Any
and/or all elements, as disclosed herein, can be manufactured via any manufacturing
processes, whether additive manufacturing, subtractive manufacturing and/or other
any other types of manufacturing. For example, some manufacturing processes
include three dimensional (3D) printing, laser cutting, computer numerical control
(CNC) routing, milling, pressing, stamping, vacuum forming, hydroforming, injection
molding, lithography and/or others.

[0096] Any and/or all elements, as disclosed herein, can include, whether partially
and/ or fully, a solid, including a metal, a mineral, a ceramic, an amorphous solid, such
as glass, a glass ceramic, an organic solid, such as wood and/or a polymer, such as
rubber, a composite material, a semiconductor, a nano-material, a biomaterial and/or
any combinations thereof. Any and/or all elements, as disclosed herein, can include,
whether partially and/or fully, a coating, including an informational coating, such as
ink, an adhesive coating, a melt-adhesive coating, such as vacuum seal and/or heat
seal, a release coating, such as tape liner, a low surface energy coating, an optical
coating, such as for tint, color, hue, saturation, tone, shade, transparency, translucency,

non- transparency, luminescence, anti-reflection and/or holographic, a photo-sensitive
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coating, an electronic and/or thermal property coating, such as for passivity,
insulation, resistance or conduction, a magnetic coating, a water-resistant and/or
waterproof coating, a scent coating and/or any combinations thereof.

[00971 Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this disclosure belongs. The terms, such as those defined in
commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and should not be
interpreted in an idealized and/or overly formal sense unless expressly so defined
herein.

nn

[0098] Furthermore, relative terms such as "below," "lower," "above," and "upper”
may be used herein to describe one element'’s relationship to another element as
illustrated in the accompanying drawings. Such relative terms are intended to
encompass different orientations of illustrated technologies in addition to the
orientation depicted in the accompanying drawings. For example, if a device in the
accompanying drawings is turned over, then the elements described as being on the
"lower" side of other elements would then be oriented on "upper” sides of the other
elements. Similarly, if the device in one of the figures is turned over, elements
described as "below" or "beneath" other elements would then be oriented "above" the
other elements. Therefore, the example terms "below" and "lower" can, therefore,
encompass both an orientation of above and below.

[0099] While various embodiments have been described above, it should be
understood that they have been presented by way of example only, and not limitation.
The descriptions are not intended to limit the scope of the invention to the particular
forms set forth herein. To the contrary, the present descriptions are intended to cover

such alternatives, modifications, and equivalents as may be included within the spirit

and scope of the invention as defined by the appended claims and otherwise
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appreciated by one of ordinary skill in the art. Thus, the breadth and scope of a
preferred embodiment should not be limited by any of the above-described exemplary

embodiments.
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CLAIMS

What is claimed is:

1. A system for automatic irrigation for a micro-climate area, the system comprising:
a weather station for obtaining weather data near a target area;
a mesh network;
a sensor platform having a plurality of sensors comprising:
sensors measuring soil moisture at various depths in the target area;
sensors measuring soil salinity at the various depths in the target area;
sensors measuring soil temperature at the various depths in the target
area;
water pressure sensors coupled with an irrigation assembly;
flow meters for the irrigation assembly;
plant health sensors; and
wherein the sensor platform comprises a controller that periodically
wakes each of the plurality of sensors and transmits sensor data
from each of the plurality of sensors over the mesh network; and
a base station that:

receives the sensor data from the sensor platform over the mesh network;
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analyzes the sensor data in combination with any of low-altitude and
high-altitude imaging of the target area to determine if the

target area requires watering; and

selectively controls any of a variable speed pump and water valves of an
irrigation system that provides water to the target area in

response to the analysis.

2. The system according to claim 1, wherein the high-altitude imaging comprises any of
normalized difference vegetation index and normalized difference water index, or

combinations thereof.

3. The system according to claim 1, further comprising a magnetometer and a three-axis

accelerometer which detects movement of the controller.

4. The system according to claim 3, wherein the controller utilizes an output of the
magnetometer and the three-axis accelerometer to sense when heavy equipment nears
the sensor platform, wherein the controller creates a timestamp of major cultural
practices such as harvest, spraying pesticides, mechanical pruning, and combinations

thereof.
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5. The system according to claim 1, wherein a cloud server is configured to measure
plant health based on stomatal conductance and evapotranspiration measured by the

plant health sensors.

6. A method for automatic irrigation for a micro-climate area, the method comprising;:
receiving collection of micro-climate data comprising:
weather data from a weather station that is proximate a target area;
canopy imaging for the target area, comprising any of low-altitude
and high-altitude images;
depth-specific soil data for the target area; and
plant health data that comprises stomatal conductance and
evapotranspiration for plants in the target area; and
selectively adjusting operation of an irrigation system so as to increase or
decrease water applied to the target area based on analysis of the

micro-climate data.

7. The method according to claim 6, wherein the weather data comprises any of air

humidity, wind speed, wind direction, air temperature, and combinations thereof.
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8. The method according to claim 6, wherein the canopy imaging comprises any of
normalized difference vegetation index and normalized difference water index, or

combinations thereof.

9. The method according to claim 6, wherein the depth-specific soil data comprises
three-dimensional soil moisture topography graphs generated from soil sensors that

capture soil moisture, soil salinity, and soil temperature.

10. The method according to claim 6, wherein the plant health data comprises leaf
wetness and dynamic changes to a trunk circumference of a plant over a period of time

to monitor diurnal change in size of a plant.

11. The method according to claim 6, further comprising sampling the sensor data of the

depth-specific soil data at a fixed duration, but staggered by non-overlapping intervals.

12. The method according to claim 11, further comprising
modeling a flow rate through soil in the target area by removing soil moisture
values from a soil moisture rate during an irrigation event; and

determining a porosity and flow rate of the soil based on the modeling.
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13. The method according to claim 12, further comprising calculating a stem water

potential from the modeling.

14. A system for automatic irrigation for a micro-climate area, the system comprising:

a weather station for obtaining weather data near a target area;

a sensor platform having a plurality of sensors comprising:
subterranean sensors for measuring any of soil moisture, soil salinity,

and soil temperature; and
on-plant sensors measuring any of stomatal conductance and
evapotranspiration of plants in the target area;

a controller that periodically wakes each of the plurality of sensors and transmits
sensor data from each of the plurality of sensors over a mesh network;
and

a base station that selectively controls any of a variable speed pump and water
valves of an irrigation system that provides water to the target area based

on the sensor data, the weather data, and aerial images of the target area.

15. The system according to claim 14, wherein analysis of micro-climate data for the
micro-climate area utilizes any of cost of water, cost of electricity, health of plants in the

target area, the soil moisture, the soil salinity, the weather data, and canopy imaging.
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16. The system according to claim 14, wherein the base station is configured to calculate

a stem water potential for the target area.

17. The system according to claim 14, wherein the subterranean sensors are disposed at
varying fixed depths in the target area, further wherein the subterranean sensors are

volume measuring devices each with a specific voltage.

18. The system according to claim 17, wherein the base station is configured to:
sample the sensor data of the subterranean sensors at a fixed duration, but
staggered by non-overlapping intervals; and
infer water flow based on a time series evaluation of the sensor data, wherein the
water flow at one of the subterranean sensors is evaluated by measuring
moisture content at each of the other subterranean sensors and subtracting

the moisture content measured by the one of the subterranean sensors.

19. The system according to claim 18, wherein the base station is configured to:
model a flow rate through soil in the target area by removing soil moisture
values from a soil moisture rate during an irrigation event; and

determine a porosity and flow rate of the soil based on the modeling.
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