wO 2021/026648 A1 | 0000 KA 0 0 0 O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert N
o amisaton " > O O
International Bureau = (10) International Publication Number
(43) International Publication Date ——’/ WO 2021/026648 A1

18 February 2021 (18.02.2021) WIPO I PCT

(51) International Patent Classification: (71) Applicant: ECOATION INNOVATIVE SOLUTIONS
A01G 7/00 (2006.01) G060 50/02 (2012.01) INC. [CA/CA]; 949 3rd Street West, Suite 113, North Van-
A01G 23/00 (2006.01) couvet, British Columbia V7P 3P7 (CA).

(21) International Application Number: (72) Inventor: MIRESMAILLI, Saber; 949 3rd Street West,

PCT/CA2020/051099 Suite 113, North Vancouver, British Columbia V7P 3P7
(CA).

(22) International Filing Date:
12 August 2020 (12.08.2020) (74) Agent: CPST INTELLECTUAL PROPERTY INC. et
al.; Brookfield Place, 181 Bay Street, Suite 2425, Toronto,

(25) Filing Language: English Ontario M5J 2T3 (CA).

(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of national protection available). AE, AG, AL, AM,
62/885,448 12 August 2019 (12.08.2019) UsS AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
16/990,212 11 August 2020 (11.08.2020) Us CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,

(54) Title: MOBILE PLATFORM FOR CROP MONITORING AND TREATMENT

110 155 115 100

' /
Sensor Data storage
150 X
\\ Propulsion Power G;slft?:r:::]/ \_
system supply P ystem g 160
135\ Computer & Display / user |~
| ot control interface \\165
system
T Communication
reatment system system/interface
\\ '\\
120 130 140
FIG. 1

(57) Abstract: A mobile crop monitoring and treatment system (100, 300, 710) includes a vehicle (305) with a propulsion system (150)
and multiple sensors (110, 340, 342, 345) mounted on the vehicle. Each sensor is configured to capture data pertaining to at least one
plant-related parameter when the sensor is positioned proximate to a plant in a crop. The system also includes a storage system (210,
220, 230, 350a-350c¢) configured to house multiple treatment agents, including at least one chemical pesticide and at least one biological
control agent, on-board the vehicle. The system further includes an application system (120, 260, 265, 360, 365) configured to apply
one or more of the treatment agents to the plant. [n addition, the system includes a controller (130, 250, 370, 375) configured to control
movement of the vehicle and operation of the sensors and application system. The controller is configured to cause the application
system to apply one or more treatment agents to the plant in response to one or more signals from one or more sensors.

[Continued on next page]



WO 20217026648 A1 |10} 00 00000 O 0 OO 0 0 00O

ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
—  with international search report (Art. 21(3))
— in black and white; the international application as filed

contained color or greyscale and is available for download
Jrom PATENTSCOPE




WO 2021/026648 PCT/CA2020/051099

-1-

MOBILE PLATFORM FOR CROP MONITORING AND TREATMENT

CROSS-REFERENCE TO RELATED APPLICATION AND PRIORITY CLAIM

[0001]  This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Patent Application No. 62/885,448 filed on August 12, 2019, and to U.S. Patent Application
No. 16/990,212 filed on August 11, 2020, which are hereby incorporated by reference in their

entirety.

TECHNICAL FIELD
[0002]  This disclosure relates to mobile platforms for crop monitoring and treatment
and methods for operating the same. Some embodiments of this disclosure relate to mobile

platforms for simultaneous, targeted administration of both biological and chemical agents.
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BACKGROUND

[0003] When food and other crops are grown on a large scale, either in protected
cultivation (such as in a greenhouse) or outdoors, growers face several challenges. For
example, it can be difficult for a grower to know if, where, and when a crop has a problem
(such as a problem related to a pest, disease, water, other abiotic stress, or nutritional
deficiency) and the extent of the problem until it is readily visible to human scouts, who are
often employed to visually inspect the crop. By that stage, the problem may often require
expensive and extensive intervention. In some cases, rather than having human scouts identify
individual plants or areas of a crop that have problems and then treating them, some crop
management practices and treatments are employed prophylactically across the entire crop,
even though crops are rarely uniform and problems tend to be localized.

[0004]  More recently, various sensor-based systems have been developed for crop
monitoring. For example, some systems use a static grid of sensors suspended above a crop or
positioned among plants in the crop. Such sensory grids can be used to monitor environmental
conditions or general responses from plants on a coarse-grained scale. Some sensory devices
clip to plants or otherwise contact the plants. Some systems rely on visual detection of causal
factors (such as pests or diseases) using motion detection or visual pattern recognition. Some
sensory devices and systems are geared toward specific indicators. Some sensory systems can
collect very general information (such as temperature and humidity) but cannot accurately
pinpoint problems at the level of individual plants nor convey information in real-time to
precipitate immediate action or responses. Mobile systems for crop health monitoring,
assessment, and diagnosis that include mobile sensory platforms or vehicles equipped with
arrays of sensors are also known, and there is an increasing trend toward automation of such
systems.

[0005]  Pesticides are widely used in crop cultivation and can be extremely effective.
However, there is increasing concern about the effects of pesticides on the environment and on
other organisms, including on human and animal health. Another problem with using pesticides
to control pests is that, in some cases, the pests may develop resistance to the pesticide over
time.

[0006]  The use of biological control agents for pest and disease control involves the
use of another living organism or natural product, rather than a chemical, to reduce or eliminate
a pest or a disease. Classical biological control generally involves the introduction of natural

predators, parasites, or pathogens of a pest into an area to protect or treat a crop. Some
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advantages of biological control agents are that they do not cause environmental contamination,
and pests do not become resistant to the biological control agents. However, in most cases, live
biological control agents cannot be used simultaneously with chemical pesticides to treat the
same plant or crop, as the pesticides can be fatal to the live biological control agents or at least
have an adverse effect on them. Some chemical pesticides can also have residual effects on the
biological control agents, and for that reason there is generally a waiting period before
biological control agents can be introduced after a pesticide application.

[0007] Because of costs and other factors, it is generally desirable to reduce the
amounts of pesticides and biological control agents that are used by applying them only where
and when they are needed, rather than treating an entire crop or treating a crop as a matter of
course even in absence of a problem. Early and rapid identification of problems in a crop
followed by immediate and precise intervention focused on where it is needed can allow
growers to make efficient use of chemical pesticides and biological control agents and to

achieve higher yields of their crops.
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SUMMARY

[0008]  This disclosure relates to mobile platforms for crop monitoring and treatment
and methods for operating the same.

[0009]  In a first embodiment, a mobile crop monitoring and treatment system includes
a vehicle with a propulsion system and multiple sensors mounted on the vehicle. Each sensor
is configured to capture data pertaining to at least one plant-related parameter when the sensor
is positioned proximate to a plant in a crop. The mobile crop monitoring and treatment system
also includes a storage system configured to house multiple treatment agents that include at
least one chemical pesticide and at least one biological control agent on-board the vehicle. The
mobile crop monitoring and treatment system further includes an application system configured
to apply one or more of the treatment agents to the plant. In addition, the mobile crop
monitoring and treatment system includes a controller configured to control movement of the
vehicle and operation of the sensors and the application system. The controller is configured to
cause the application system to apply one or more of the treatment agents to the plant in
response to one or more signals from one or more of the sensors.

[0010]  In some embodiments, the mobile crop monitoring and treatment system further
includes an on-board computer processor, and the controller is configured to cause the
application system to apply the one or more treatment agents to the plant at a dosage and a
concentration determined by the on-board computer processor in response to the one or more
signals from the one or more sensors.

[0011]  In some embodiments, the application system includes at least one robotic arm
and at least one applicator.

[0012] In some embodiments, the storage system includes at least one chemical
pesticide container configured to house the at least one chemical pesticide, at least one
biological control agent container configured to house the at least one biological control agent,
and at least one carrier container configured to house at least one solvent or carrier.

[0013] In some embodiments, the controller is configured to cause the mobile crop
monitoring and treatment system to draw the at least one chemical pesticide from the at least
one chemical pesticide container, draw the at least one solvent or carrier from the at least one
carrier container, and combine the at least one chemical pesticide and the at least one solvent
or carrier upstream of the at least one applicator.

[0014]  In some embodiments, the at least one chemical pesticide container includes a

multi-compartment container and a pump, each compartment of the multi-compartment
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container is configured to house a different pesticide or pesticide component material, and the
controller is configured to cause the pump to selectively draw multiple pesticides or pesticide
component materials from the multi-compartment container and mix the multiple pesticides or
pesticide component materials in a mixing region.

[0015] In some embodiments, the mixing region is upstream of the at least one
applicator.

[0016] In some embodiments, the mixing region is downstream of the at least one
applicator.

[0017] In some embodiments, the at least one biological control agent container
includes an aerator or agitator.

[0018]  In some embodiments, the mobile crop monitoring and treatment system further
includes at least one ultraviolet light positioned on the at least one robotic arm.

[0019]  In some embodiments, the mobile crop monitoring and treatment system is a
ground-based system.

[0020]  In some embodiments, the mobile crop monitoring and treatment system is an
air-borne system.

[0021]  In some embodiments, the mobile crop monitoring and treatment system forms
part of a robotic scout.

[0022]  In some embodiments, the mobile crop monitoring and treatment system forms
part of a cart that is configured to be driven by an operator.

[0023] In a second embodiment, a method for treating a plant in a crop includes
assessing a health of the plant in the crop by gathering sensor data using an automated vehicle
equipped with multiple sensors. The method also includes processing the sensor data to
determine a treatment to be applied to the plant in the crop. The method further includes
dispensing the treatment from a storage system carried on-board the automated vehicle, where
the storage system houses at least one chemical pesticide and at least one biological control
agent. In addition, the method includes delivering the treatment to the plant in the crop via a
robotic arm and an applicator carried on-board the automated vehicle. A concentration and a
dosage of the treatment applied to the plant in the crop are controllable and adjustable by a
controller on-board the automated vehicle.

[0024]  In some embodiments, the sensor data is processed on-board the automated
vehicle to determine the treatment to be applied to the plant in the crop.

[0025] In some embodiments, dispensing the treatment from the storage system
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includes mixing multiple chemical pesticides or pesticide component materials drawn from the
storage system with at least one carrier to provide a desired formulation.

[0026] In some embodiments, dispensing the treatment from the storage system
includes mixing multiple chemical pesticides or pesticide component materials drawn from the
storage system with at least one carrier and with at least one adjuvant to provide a desired
formulation.

[0027] In some embodiments, the at least one biological control agent is housed in a
container in the storage system, and the method further includes agitating or aerating the at
least one biological control agent so that the at least one biological control agent is more
uniformly dispersed within the container.

[0028]  In athird embodiment, a mobile crop monitoring and treatment system includes
a vehicle with a propulsion system and multiple sensors mounted on the vehicle. Each sensor
is configured to capture data pertaining to at least one plant-related parameter when the sensor
is positioned proximate to a plant in a crop. The mobile crop monitoring and treatment system
also includes a storage system configured to house chemical pesticides and biological control
agents on-board the vehicle. The storage system includes multiple containers, and at least one
of the containers includes multiple compartments. The compartments of the containers are
collectively configured to store multiple materials including the chemical pesticides or
pesticide component materials, the biological control agents, one or more solvents, and one or
more adjuvants. The mobile crop monitoring and treatment system further includes one or more
applicators configured to apply one or more treatments to the plant and one or more robotic
arms configured to position at least one of the one or more applicators for application of the
one or more treatments to the plant. In addition, the mobile crop monitoring and treatment
system includes a controller configured to control movement of the vehicle and operation of
the mobile crop monitoring and treatment system. The controller is configured to cause the one
or more applicators to apply the one or more treatments to the plant in response to one or more
signals from one or more of the sensors. Different treatments are associated with different
materials or combinations of materials from the containers.

[0029]  Other technical features may be readily apparent to one skilled in the art from

the following figures, descriptions, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030]  For a more complete understanding of this disclosure, reference is now made to
the following description, taken in conjunction with the accompanying drawings, in which:

[0031] FIGURE 1 illustrates an example mobile crop monitoring and treatment system
in accordance with this disclosure;

[0032] FIGURE 2illustrates an example crop treatment system that can be incorporated
into a mobile crop monitoring and treatment system in accordance with this disclosure;

[0033] FIGURES 3A and 3B illustrate a specific example implementation of a mobile
crop monitoring and treatment system in accordance with this disclosure;

[0034] FIGURES 4A through 6B illustrate example storage containers/dispensers that
can be used on-board a mobile crop monitoring and treatment system and from which at least
one treatment can be dispensed in accordance with this disclosure; and

[0035] FIGURE 7 illustrates an example crop management system that includes a

mobile crop monitoring and treatment system in accordance with this disclosure.
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DETAILED DESCRIPTION

[0036] FIGURES 1 through 7, described below, and the various embodiments used to
describe the principles of the present invention in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the invention.
Those skilled in the art will understand that the principles of the present invention may be
implemented in any type of suitably arranged device or system.

[0037] FIGURE 1 illustrates an example mobile crop monitoring and treatment system
100 in accordance with this disclosure. As shown in FIGURE 1, the mobile system 100 includes
multiple sensors 110 and at least one data storage device 115 configured to store data captured
by the sensors 110. Various types of sensors 110 may be used in the mobile system 100,
examples of which are described below. Each sensor 110 includes any suitable structure
configured to capture data pertaining to at least one plant-related parameter, such as when the
sensor 110 is positioned proximate to each of one or more plants in one or more crops. Various
types of data storage devices 115 may also be used in the mobile system 100, such as one or
more volatile or non-volatile memories. Example types of data storage devices 115 that may
be used in the mobile system 100 include a random access memory, a read only memory, a
hard drive, a Flash memory, or an optical disc.

[0038] The mobile system 100 also includes a treatment system 120, which is
configured to apply one or more treatment agents (such as at least one chemical pesticide and/or
at least one biological control agent) to each of one or more plants in one or more crops. The
treatment system 120 includes any suitable structure configured to deliver one or more
treatment agents to plants. Details of an example implementation of the treatment system 120
are provided below.

[0039]  The mobile system 100 further includes a computer and control system 130 with
associated software 135. The computer and control system 130 is configured to control the
overall operation of the mobile system 100, such as by controlling movement of the mobile
system 100 and operation of the sensors 110 and treatment system 120. The computer and
control system 130 can execute the software 135 in order to perform its functions. The
computer and control system 130 includes at least one processor, such as at least one of a
central processing unit (CPU), a graphics processing unit (GPU), a data processing unit (DPU),
and a Tensor processing unit (TPU). An on-board DPU or other processor(s) of the computer
and control system 130 can be used, for example, to process sensor data and determine one or

more suitable treatments to be applied to one or more plants in one or more crops. Note that
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while the software 135 here is shown as a separate component, the software 135 may be stored
internally within the computer and control system 130, such as in a non-volatile memory of the
computer and control system 130.

[0040] The mobile system 100 may optionally include a communication system/
interface 140, which may allow the mobile system 100 to communicate information and data
to one or more external systems or devices and/or to receive information or commands from
one or more external systems or devices. In some embodiments, the communication system/
interface 140 may include an external serial connection that is provided to allow a user to
connect a personal computer (PC) or other device to the mobile system 100, such as in order
to modify the software 135 on-board the mobile system 100. Also, in some embodiments, the
communication system/interface 140 may include at least one wireless radio or other wireless
transmitter, receiver, or transceiver that allows wireless communications to and/or from the
mobile system 100.

[0041] The mobile system 100 also includes a propulsion system 150, which is
configured to move the mobile system 100 (such as on the ground or in the air). The propulsion
system 150 includes any suitable structure configured to propel or otherwise move the mobile
system 100, such as an electric motor, wheels, propellers, etc. The mobile system 100 further
includes a power supply 155, which is configured to provide operating power to other
components of the mobile system 100. The power supply 155 includes any suitable structure
configured to provide operating power to the mobile system 100. In some embodiments, the
power supply 155 includes at least one battery or other energy storage device and associated
recharging equipment. In particular embodiments, the power supply 155 includes a power
management system that is configured to provide for switching between multiple energy
sources. The power management system may also incorporate safety and protection devices.

[0042]  The mobile system 100 may further include a guidance and positioning system
160, which can be configured to identify a location of the mobile system 100 and to support
navigation by the mobile system 100. In some embodiments, the guidance and positioning
system 160 produces location tags that can be associated with sensor measurements, where the
location tags identify positions at which the sensor measurements are captured. The location
tags can be stored in the data storage device 115 and optionally transmitted, along with the
sensor data, via the communication system/interface 140. The guidance and positioning system
160 includes any suitable structure configured to identify a location of the mobile system 100,

such as a Global Positioning System (GPS) receiver or other satellite-based receiver, an Ultra-
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Wideband (UWB) receiver, a Radio Frequency Identification (RFID) device, or other device.
Note that the guidance and positioning system 160 may operate by receiving incoming signals
to identify its location or by transmitting outgoing signals that allow other components to
identify its location.

[0043]  In addition, the mobile system 100 may include a display and/or user interface
165, which can be used to provide information to a user or receive information from the user.
For example, the display and/or user interface 165 may be used to identify current settings of
the mobile system 100, sensor measurements captured by the sensors 110, or treatments to be
applied by the treatment system 120. The display and/or user interface 165 may also be used
to receive user observations of plant conditions, user confirmations of proposed treatments, or
other information. The display and/or user interface 165 includes any suitable structure
configured to provide information to or receive information from a user, such as a liquid crystal
display (LCD), light-emitting diode (LED) display, or other display device. Depending on the
implementation, the display and/or user interface 165 may include physical buttons and/or a
touchscreen.

[0044]  In some embodiments of the mobile crop monitoring and treatment system 100,
the position(s) of one, some, or all of the sensors 110 can be adjustable so that the sensor(s)
110 can be positioned appropriately. Various factors can affect how one or more of the sensors
110 are positioned, such as the size (like height and/or volume) of a plant being inspected and
which region of the plant is to be sensed. In particular embodiments, at least some of the sensors
110 can be moved and re-positioned automatically (rather than manually) based on commands
from a control system, which can be responsive to inputs indicative of where the sensor(s) 110
should be positioned.

[0045]  Note that the mobile crop monitoring and treatment system 100 here can be
implemented in a number of ways depending on particular needs. For example, in some
embodiments, the mobile system 100 is implemented as a ground-based platform, such as when
the mobile system 100 is implemented using a robotic ground-based scout or other ground-
based device. In other embodiments, the mobile system 100 is implemented as an air-borne
platform, such as when the mobile system 100 is implemented using a robotic air-borne scout
or other air-based device (like a drone). Combinations of approaches may also be used, such
as when the mobile crop monitoring and treatment system 100 includes a robotic ground-based
scout or other ground-based device that operates in conjunction with a robotic air-borne scout

or other air-based device. As particular examples, ECOATION INNOVATIVE SOLUTIONS
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INC. offers various products that can be used in greenhouses or other locations, such as the
OKO manually-driven cart (which includes an interactive display that can be used by an
operator) and the IRIS SCOUTROBOT robotic scout. The mobile system 100 may be
incorporated into either of these products and used manually or autonomously. For instance, in
the case of the OKO cart, an operator may drive the cart to specific locations and use an
interactive display to distribute one or more chemical pesticides or biological control agents.
In the case of the IRIS robotic scout, one or more chemical pesticides or biological control
agents may be distributed in an autonomous manner. In general, this disclosure is not limited
to any particular manual, partially automated, or fully automated manner of distributing
chemical pesticides or biological control agents.

[0046]  Although FIGURE 1 illustrates one example of a mobile crop monitoring and
treatment system 100, various changes may be made to FIGURE 1. For example, various
components shown in FIGURE 1 may be combined, further subdivided, replicated, rearranged,
or omitted and additional components may be added according to particular needs.

[0047] FIGURE 2 illustrates an example crop treatment system 200 that can be
incorporated into a mobile crop monitoring and treatment system in accordance with this
disclosure. For example, the crop treatment system 200 may be used to at least partially
implement the treatment system 120 of the mobile crop monitoring and treatment system 100
in FIGURE 1. Note, however, that the crop treatment system 200 may be used in any other
suitable mobile system.

[0048]  As shown in FIGURE 2, the crop treatment system 200 includes at least one
chemical pesticide storage container/dispenser 210, which is configured to receive, hold, and
dispense at least one chemical pesticide. For example, each chemical pesticide storage
container/dispenser 210 can include one or more containers that receive and hold one or more
pesticides or pesticide component materials. Each chemical pesticide storage container/
dispenser 210 can also include one or more devices used to draw the chemical pesticide(s) or
component material(s) from the container(s) for use. In this example, the chemical pesticide
storage container/dispenser 210 includes a mixer 215, which may be configured to mix
pesticide formulations as needed or desired. For instance, the mixer 215 may be configured to
receive different combinations of stored chemical pesticides or component materials and to
mix the combinations of stored chemical pesticides or component materials. Each chemical
pesticide storage container/dispenser 210 includes any suitable structure configured to retain

and dispense at least one pesticide or component material. Each mixer 215 includes any suitable
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structure configured to mix materials.

[0049]  The crop treatment system 200 also includes at least one solvent and adjuvant
storage container/dispenser 220, which is configured to receive, hold, and provide one or more
solvents and/or one or more adjuvants. A solvent refers to a liquid or other material into which
at least one chemical pesticide can be dissolved or mixed, and an adjuvant refers to a liquid or
other material that helps to enhance the effectiveness of one or more pesticides. The solvent(s)
and/or adjuvant(s) can be drawn from the solvent and adjuvant storage container/dispenser 220
and combined with one or more pesticides from the chemical pesticide storage container/
dispenser 210. Each solvent and adjuvant storage container/dispenser 220 includes any suitable
structure configured to retain and dispense at least one solvent and/or at least one adjuvant.

[0050]  The crop treatment system 200 further includes at least one biological control
agent storage container/dispenser 230, which is configured to receive, hold, and dispense at
least one biological control agent. A biological control agent refers to one or more living
organisms or natural products that can be used to reduce or eliminate a pest, disease, or other
problem with a plant. For example, each biological control agent storage container/dispenser
230 can include one or more containers that receive and hold one or more biological control
agents. Each biological control agent storage container/dispenser 230 can also include one or
more devices used to distribute the biological control agent(s) from the container(s) for use. In
this example, the biological control agent storage container/dispenser 230 includes an agitator
and/or aerator 240. An agitator can be used to distribute one or more biological control agents
more evenly within the container/dispenser 230. An aerator can be used to provide air to one
or more biological control agents within the container/dispenser 230. While not shown here,
the biological control agent storage container/dispenser 230 can include a mixer, which may
be configured to mix different combinations of biological control agents as needed or desired.
For instance, the mixer may be configured to receive different combinations of stored
biological control agents and to mix the combinations of stored biological control agents. Each
biological control agent storage container/dispenser 230 includes any suitable structure
configured to retain and dispense at least one biological control agent.

[0051]  Note that one, some, or all of the containers/dispensers 210, 220, and 230 can
be divided into multiple compartments for use in storing different materials or agents. Also,
one, some, or all of the containers/dispensers 210, 220, and 230 may include one or more pumps
(not shown), where each pump is configured to dispense one or more materials from one or

more containers. Different example implementations of the containers/dispensers 210, 220,
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230 are discussed below, although these implementations are for illustration only.

[0052]  The crop treatment system 200 also includes a controller 250, which can be used
to determine the treatment or treatments to be administered to each of various plants in at least
one crop and to control the dispensing, formulation, dilution, dosage, and application of such
treatments. The controller 250 includes at least one processor or other processing device
configured to perform control operations. In some embodiments, the controller 250 may form
part of a computer and control system used for a broader system of which the crop treatment
system 200 is a part, such as when the controller 250 forms a part of the computer and control
system 130 in the system 100 of FIGURE 1. In other embodiments, the controller 250 may
represent a separate computer-based controller or other stand-alone controller. If the controller
250 is used in conjunction with another device (such as an on-board computer processor in the
computer and control system 130), the described functionality of the controller 250 may be
distributed. As a particular example, the on-board computer processor may determine a dosage
and a concentration for a treatment to be applied to a plant in response to one or more signals
from one or more sensors 110, and the controller 250 may initiate the treatment to the plant
based on the identified dosage and concentration.

[0053]  In addition, the crop treatment system 200 includes at least one robotic arm 260
and interchangeable applicators 265, which are configured to apply one or more treatments to
various plants in at least one crop under the control of the controller 250. For example, the at
least one robotic arm 260 can be used to selectively position one or more applicators 265 at
one or more desired positions at or near each plant being treated, and the one or more
applicators 265 can be used to dispense one or more treatments for the plants. Each robotic arm
260 includes any suitable structure configured to be moved in order to selectively position one
or more applicators 265. Each applicator 265 includes any suitable structure configured to
apply one or more treatments. For instance, the applicators 265 can include different nozzles,
hoses, sprayers, rollers, misters, foggers, dusters, atomizers, and/or any other suitable
applicators. While not shown here, the applicators 265 and/or robotic arm 260 may include one
or more valves or other flow control devices configured to start, stop, and adjust the flow of
material(s), such as one or more chemical pesticides and/or one or more biological control
agents. Also while not shown here, the applicators 265 and/or robotic arm 260 may include one
or more grippers or other structures designed to grasp or otherwise physically manipulate plants
during inspection or treatment. The type(s) of applicator(s) 265 and/or grippers used can vary

based on various factors, such as the type(s) of plant(s) to be treated and inspected. In addition,
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the robotic arm 260 may be used to carry other components that are not used to dispense
chemical pesticides and biological control agents but that may be used to treat plant problems
in other ways. For instance, the robotic arm 260 may carry at least one ultraviolet (UV) light
270, such as one that produces UV-c light, since ultraviolet light can be used to treat plant
diseases like powdery mildew.

[0054]  Note that the crop treatment system 200 or a similar system can be incorporated
into a mobile sensory platform for crop health monitoring. Example platforms in which the
crop treatment system 200 may be used can include the one described above with respect to
FIGURE 1, as well as the ones described in U.S. Patent No. 10,241,097 and U.S. Patent
Application Publication No. 2017/0032258 (both of which are hereby incorporated by
reference in their entirety). Other example platforms in which the crop treatment system 200
may be used can include the OKO cart and IRIS SCOUTROBOT robotic scout from
ECOATION INNOVATIVE SOLUTIONS INC.

[0055]  Although FIGURE 2 illustrates one example of a crop treatment system 200 that
can be incorporated into a mobile crop monitoring and treatment system, various changes may
be made to FIGURE 2. For example, various components shown in FIGURE 2 may be
combined, further subdivided, replicated, rearranged, or omitted and additional components
may be added according to particular needs. Also, certain chemical pesticides and biological
control agents may be delivered in other ways and need not be stored in containers and sprayed
through applicators. For instance, a chemical pesticide or biological control agent may be
placed on a tray, and a gripper or other portion of a robotic arm 260 may be used to grasp and
deliver the chemical pesticide or biological control agent.

[0056] FIGURES 3A and 3B illustrate a specific example implementation of a mobile
crop monitoring and treatment system 300 in accordance with this disclosure. The mobile crop
monitoring and treatment system 300 here can include various components shown in FIGURES
1 and 2 that are described above. As shown in FIGURE 3A, the mobile system 300 includes a
cart 305 having four wheels 308 (two of which are visible) and a frame 310 mounted to a
platform 312. The platform 312 is, in turn, mounted to a scissor lift 315. The scissor lift 315
allows the platform 312, the frame 310, and components mounted to the platform 312 or the
frame 310 to be raised and lowered. This may be done, for instance, depending on the heights
of plants in a crop being inspected or treated.

[0057] A power supply, which in this example includes a battery 320, is carried on-

board the cart 305. The power supply can provide electrical power to various on-board systems
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and electrical power used for propulsion of the mobile system 300. In some embodiments, the
mobile system 300 can represent an adaption of a typical pipe rail trolley that is often used in
horticulture and greenhouse applications and that is designed to maneuver through small
pathways and to be adjustable to desired heights. A pipe rail mounting wheel 322 and a pipe
rail detection sensor 325 can be used to guide the mobile system 100 through crops in situations
where there are pipe rails.

[0058] In some instances, the mobile system 300 may be configured to operate in an
autonomous manner (without an on-board operator or driver). In other instances, a human (such
as a farmer or grower) can optionally ride aboard the mobile system 300 on the platform 312,
such as while acting as an observer or to drive or otherwise operate one or more aspects of the
mobile system 300 manually. A steering device 330 can be used to steer the mobile system 300
manually, and a mobility controller 332 can be used to manually control propulsion of the
mobile system 300, such as when the mobile system 300 is not under automated control.

[0059]  The mobile system 300 also includes an on-board crop monitoring system that
includes various sensors and sensor modules mounted to the frame 310. In some embodiments,
the position(s) of one, some, or all of the sensors/sensor modules can be adjustable during
operation of the mobile system 300, and a control system can control the position(s) of the
sensor(s)/sensor module(s). In this example of the mobile system 300, the mobile system 300
includes a crop health monitoring sensor module 340 and imaging sensors 342 and 345. In
some embodiments, the crop health monitoring sensor module 340 represents a multi-sensor
module that can include various types of sensors contained in a housing. The imaging sensors
342 and 345 can be used to capture images of different portions of plants. For example, the
imaging sensor 342 can be used to image a crop head, and the imaging sensor 345 (the height
of which can be adjusted by moving it up and down on mounting rods 348 automatically or
manually) can be used for fruit imaging.

[0060]  The mobile system 300 may include any other or additional sensors. Other
sensors on-board the mobile system 300 can include, for example, physiological sensors,
surface analysis sensors, chemical sensors, microclimate sensors, and/or canopy screening
sensors. In some embodiments, the mobile system 300 includes at least one physiological
sensor that includes at least one configurable optical probe and at least one tunable detector, at
least one surface analysis sensor that includes at least one full spectrum light source and at least
one spectroscopic detector, and at least one chemical analysis sensor (which may include at

least one photo-ionization detector, at least one surface acoustic wave sensor, and/or at least
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one quartz crystal microbalance sensor). In particular embodiments, the mobile system 300
includes a multispectral or hyperspectral imaging device, a leaf temperature sensor, an
evapotranspiration sensor, a surface electrical charge sensor, a terahertz sensor, a spore
detection sensor, and/or a tunable microphone.

[0061]  The mobile system 300 further includes an on-board crop treatment system that
includes multiple material storage containers and associated dispensers from which chemical
pesticides or pesticide component materials (possibly with appropriate solvents and/or
adjuvants) and biological control agents are drawn and administered to plants in a crop. In this
example embodiment, the mobile system 300 includes three storage containers/dispensers
350a, 350b, and 350c, each of which can have one or more compartments and can include one
or more mixers, aerators, agitators, and/or smart pumps. Example implementations of storage
containers and dispensers are described in more detail in reference to FIGURES 4A through
6B below. However, other containers and dispensers and other numbers of containers and
dispensers may be used.

[0062] The material storage containers/dispensers 350a, 350b, and 350c¢ can be
selectively fluidly connected to deliver chemical pesticides, suitable solvents and/or adjuvants,
and biological control agents to at least one robotic arm 360 via which they are selectively
applied to plants in a crop in a targeted, localized manner. Each robotic arm 360 can have
multiple degrees of freedom, such as when the robotic arm 360 can swivel, pivot, extend, etc.,
so that treatment can be selectively applied to a desired location on each individual plant. The
robotic arm 360 may include an interchangeable applicator (such as a spray nozzle or other
applicator 265) or gripper 365 that can be changed automatically or on demand and may be
adjustable. Alternative applicators or grippers (not shown) can be carried on-board the mobile
system 300 and connected to the robotic arm 360 as needed. Some applicators 365 can have
UV lights at the end, and the robotic arm 360 can point the UV light attachment to specific
areas of the plants or crop to treat diseases.

[0063] In some embodiments, the mobile crop monitoring and treatment system 300
(or the mobile system 100 described above) can be controlled and operated from a remote
location (such as via wireless communications) and/or can be equipped with one or more
on-board computers and controllers for controlling propulsion of the mobile system and
operation of the sensor-based on-board crop monitoring system and on-board crop treatment
system. In this example, the mobile system 300 includes two on-board computer-based control

systems 370 and 375, and the mobile system 300 can be operated and controlled autonomously
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using these on-board computer-based control systems 370 and 375. For example, these systems
370 and 375 can be used to analyze the results from the on-board crop monitoring system, such
as based on the outputs of the various sensors, and determine in real-time what treatments will
be applied to a crop using the on-board crop treatment system. The system 300 also includes
an interactive display 380 that can provide information to a human who is on-board the mobile
system 300. Any suitable information can be displayed, such as information about the findings
of the on-board crop monitoring system and treatment being applied by the on-board crop
treatment system.

[0064] FIGURE 3B illustrates a portion 390 of the mobile crop monitoring and
treatment system 300 of FIGURE 3A and, in particular, shows the three material storage
containers/dispensers 350a, 350b, and 350c in close-up view. These three material storage
containers/dispensers 350a, 350b, and 350¢ can be the same as one another or different from
one another. This can depend on a number of factors, such as the materials to be dispensed. In
some embodiments, the material storage containers/dispensers 350a, 350b, and 350c can be
formed of one or more materials that are inert and that will not contaminate or be degraded by
the materials that are to be stored in them.

[0065]  Although FIGURES 3A and 3B illustrate a specific example implementation of
a mobile crop monitoring and treatment system 300, various changes may be made to
FIGURES 3A and 3B. For example, various components shown in FIGURES 3 A and 3B may
be combined, further subdivided, replicated, rearranged, or omitted and additional components
may be added according to particular needs. Also, the form of the cart and other physical
components of the mobile system 300 can easily vary as needed or desired.

[0066]  FIGURES 4A through 6B illustrate example storage containers/dispensers that
can be used on-board a mobile crop monitoring and treatment system and from which at least
one treatment can be dispensed in accordance with this disclosure. In particular, FIGURES 4A
and 4B illustrate a first example storage container/dispenser 350a, FIGURES 5A and 5B
illustrate a second example storage container/dispenser 350b, and FIGURES 6A and 6B
illustrate a third example storage container/dispenser 350c. Note that these associations of
different structures with different storage containers/dispensers 350a, 350b, and 350c¢ are for
illustration only and that each storage container/dispenser 350a, 350b, and 350c¢ of the mobile
system 300 may have any suitable structure.

[0067]  As shown in FIGURE 4A, the storage container/dispenser 350a includes a

cylindrical storage area 410 that is divided vertically into eight compartments. As shown in
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FIGURE 4B, a cross-sectional view of the storage area 410 shows the eight compartments
420a-420h, each of which can contain a different chemical pesticide or active ingredient
thereof. Note that while the compartments 420a-420h here are shown as being generally equal
in size, this need not be the case. Each compartment 420a-420h is connected to a smart pump
430 via a separate hose 425 or other connector. An on-board computer-based control system
or other system can cause an appropriate pesticide or mix of pesticides or pesticide components
to be drawn from one, some, or all of the compartments 420a-420h by the smart pump 430 and,
if needed, to be mixed in a mixing area 440. The pesticide or mix of pesticides or pesticide
components that is selected can be based on the specific problem that needs to be treated, which
may be identified by the on-board sensor-based crop monitoring system. The pesticide or mix
of pesticides or pesticide components is supplied from the mixing area 440 to an applicator,
such as an applicator 265 on a robotic arm 260 or an applicator 365 on a robotic arm 360, via
a supply line 450.

[0068] As shown in FIGURE 5A, the storage container/dispenser 350b includes a
cylindrical storage area 510 that is divided vertically into two compartments. As shown in
FIGURE 5B, a cross-sectional view of the storage area 510 shows the two compartments 520a-
520b. Note that while the compartments 520-520b here are shown as being unequal in size, this
need not be the case. The larger compartment 520a can contain at least one carrier (such as
water or another suitable solvent or carrier) for one or more chemical pesticides in another
container. The smaller compartment 520b can contain at least one adjuvant. Adjuvants can
include, for example, wetter-spreaders, stickers or adherents, penetrants, compatibility agents,
and/or ionic or non-ionic surfactants. In some embodiments, materials are given an electronic
charge to enhance their adherence to the foliage of plants. Each compartment 520a and 520b
is connected to a smart pump 530 via a separate hose 525 or other connector. An on-board
computer-based control system or other system can cause an appropriate quantity of carrier and
adjuvant to be drawn respectively from the compartments 520a and 520b by the smart pump
530, mixed in a mixing area 540, and supplied to an applicator, such as an applicator 265 on a
robotic arm 260 or an applicator 365 on a robotic arm 360, via a supply line 550. In some cases,
an appropriate dose of pesticide or a desired pesticide mixture can be drawn from the
container/dispenser 350a and diluted to the desired concentration with the carrier/adjuvant
mixture, and the desired dose can be delivered to at least one desired location on a plant or crop
via the applicator. The pesticide(s) and carrier/adjuvant can be combined at the applicator,

upstream of the applicator, or downstream of the applicator.
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[0069]  As shown in FIGURE 6A, the storage container/dispenser 350c¢ includes a
cylindrical storage area 610 that is divided vertically into four compartments. As shown in
FIGURE 6B, a cross-sectional view of the storage area 610 shows the four compartments 620a-
620d, each of which can contain a different biological control agent. Note that while the
compartments 620a-620d here are shown as being generally equal in size, this need not be the
case. The biological control agents may be in a liquid or solid formulation. In some cases, the
biological control agents are stored and delivered along with a solid particulate carrier, such as
a fibrous material, powder, or other particulate (like one derived from natural products such as
leaves, husks, wood, or minerals). The carrier may help protect fragile living organisms and
aid in dispersing the organisms during delivery to a plant. Each compartment 620a-620d is
connected to a smart pump, blower, or fan 630 via a separate hose or tube 625 or other
connector. An on-board computer-based control system or other system can cause one or more
appropriate biological control agents to be drawn from the compartments 620a-620d by the
smart pump, blower, or fan 630 and, if needed, mixed in a mixing area 640. The biological
control agent or mix of agents that is selected can be based on the specific problem that needs
to be treated, which may be identified by the on-board sensor-based crop monitoring system.
The biological control agent or agents are supplied from the mixing area 640 to an applicator,
such as an applicator 265 on a robotic arm 260 or an applicator 365 on a robotic arm 360, via
a supply line 650. The dosage of the biological control agent(s) can be controlled by the
computer-based control system depending on the nature and severity of the problem.

[0070]  Some biological control agents will have a tendency to settle or congregate in
specific regions of the compartments 620a-620d. Aeration hoses 660 can be used to blow air
into the compartments 620a-620d from time to time or as needed to distribute the biological
control agents (along with a carrier material if present) more evenly within the compartments
620a-620d prior to dispensing them. In some embodiments, air is supplied to the aeration hoses
660 by the smart pump, blower, or fan 630. Other suitable devices or techniques may also be
used to distribute biological control agents more evenly within compartments prior to
dispensing them, such as where propellers or other agitation devices may be used.

[0071]  Although FIGURES 4A through 6B illustrate examples of storage containers/
dispensers that can be used on-board a mobile crop monitoring and treatment system and from
which at least one treatment can be dispensed, various changes may be made to FIGURES 4A
through 6B. For example, the cylindrical shapes and the use of specific numbers of

compartments are examples only and can vary as needed or desired. Each storage container/
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dispenser may have any suitable size and shape and may include any suitable number of
compartments.

[0072] Returning to FIGURES 3A and 3B, in some embodiments, the robotic arm 360
and gripper 365 may pick up and apply other treatments that are stored on-board the mobile
crop monitoring and treatment system 300. For example, the other treatments may be located
on atray or in a storage container. This may occur in response to commands from the computer-
based control system.

[0073]  Moreover, the embodiment of the mobile crop monitoring and treatment system
300 illustrated in FIGURE 3A includes three multi-compartment material storage containers/
dispensers and has a single robotic arm 360 and an interchangeable applicator or gripper 365.
However, other embodiments of such systems can include different numbers and/or types and
styles of storage containers/dispensers, applicators, and/or grippers. In some cases, at least one
carrier and at least one adjuvant may be drawn from the same container as the active agent(s).
Also, other embodiments of such systems may include more than one robotic arm and
associated applicators or grippers, such as for applying treatments to different plants at the
same time or for applying different treatments to the same plant at the same time. Each
arm-applicator/gripper can be independently supplied with pesticides and/or biological control
agents from an on-board storage system as described above. Other embodiments of such
systems may include a robotic arm that has multiple applicators and/or grippers on it, or an
individual applicator may have multiple outlets or nozzles.

[0074]  In some embodiments, the pumps that are used to dispense materials from the
on-board material storage system are multi-channel pumps suitable for precise, simultaneous
metering or dosing of multiple materials (such as multiple chemical pesticides or components,
carriers, and adjuvants) in desired and variable ratios. Also, in some embodiments, component
materials of a particular treatment formulation can be mixed in a mixing region or container
downstream of the pump(s) and upstream of the applicator(s) from which the treatment is
delivered to a plant. In other embodiments, the desired quantities or ratios of the component
materials are individually supplied to separate applicators (or to separate outlets or nozzles on
a single applicator), and they mix as they exit the applicator outlets before they reach the plant.
In other words, in these embodiments, the mixing region for at least some of the components
of a particular treatment formulation can be downstream of the applicator outlets. This
approach can offer some advantages. For example, if separate and dedicated supply lines are

used to supply different materials or components of a treatment formulation to different
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applicator outlets, contamination of a treatment with materials from a previous treatments is
reduced. In some cases, a chemical pesticide may have an adverse effect on other pesticides or
biological control agents, and it is preferred that the latter materials do not come into contact
with trace or residual amounts of the potentially-detrimental pesticide that could remain in a
shared supply line. By having separate supply lines, this risk can be mitigated. Another
approach if shared supply lines are used between the material storage system and the
applicator(s) is to flush the shared supply lines with water or another solvent (pumped from the
storage system) in between administering different treatments from the mobile system.

[0075]  In some implementations, the mobile crop monitoring and treatment system 300
is deployed to autonomously scan a row of plants in order to identify one or more locations of
pests or diseases as it moves in one direction along the row. The mobile system 300 can then
rapidly or immediately determine appropriate treatment(s) to be administered via the on-board
treatment system as the mobile system 300 moves back along the row of plants. The treatment
and dosage that is applied can be specific for each plant or for a specific region of an individual
plant and can be varied as the mobile system 300 moves among the plants. This can be repeated
for any number of rows. The mobile system 300 can be configured so that the position of the
plant, the cart, the robotic arm, and the applicator are known, allowing the appropriate
treatment to be applied precisely where it is needed. This approach allows the treatment to be
performed immediately after detection of a problem with the health of a plant, such as a pest
or disease. Early detection and remediation of issues can greatly enhance crop yields.

[0076]  Conventionally, entire crops are often treated with pesticide(s) and/or biological
control agent(s) as a matter of course, even in the absence of an identified disease or pest.
However, it 1s generally desirable to reduce the amount of chemical pesticides and biological
control agents used for treating a crop, such as due to their costs and other potentially-adverse
factors, especially those associated with the use of pesticides. Also, pesticides are
conventionally applied to crops and then, only after a waiting period of several days, are
biological control agents subsequently applied. In most cases, the delivery of biological control
agents is done manually and prophylactically.

[0077]  The systems and methods described in this disclosure allow for highly-tailored
and targeted application of appropriate dosages of chemical pesticides and biological control
agents at the precise locations where they are needed. This can substantially reduce the amount
of these materials that are used. Furthermore, such localized or targeted application can allow

biological control agents to be used simultaneously with chemical pesticides (or directly before
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or after treatment with chemical pesticides) to treat the same plant. For example, biological
control agents can be applied to an area of a plant that is close to an area of infestation or
disease that is being treated with a pesticide. In addition, the ability of the systems and methods
described here to formulate on-demand and select appropriate dosages based on need, in
response to information received from a sensor-based crop monitoring system, means that
treatments can be applied effectively and efficiently in a timely manner.

[0078] In some embodiments, compartments in the storage containers are equipped
with sensors to indicate the quantity of material(s) remaining in each compartment. The mobile
system 300 can communicate information from these sensors to alert the user or operator if the
material in a compartment needs to be replenished.

[0079]  Crop treatment systems as described here can be mounted on other semi-
automated or autonomous crop health monitoring vehicles, robots, or other mobile devices. For
example, the mobile platform may be configured to move autonomously among plants or in
response to commands from a controller, which in some embodiments is on-board the mobile
system and in other embodiments is a component of an external data processing unit or other
device or system. Thus, in some embodiments of the mobile crop monitoring and treatment
systems described here, functions such as data collection, processing, and analysis and control
of the system (including operation of the treatment system) is performed on-board the mobile
system by one or more computer processors and control systems. In other embodiments, the
mobile system is controlled entirely, or at least to some extent, remotely. One example of the
latter is shown in FIGURE 7.

[0080] FIGURE 7 illustrates an example crop management system 700 that includes a
mobile crop monitoring and treatment system in accordance with this disclosure. In the crop
management system 700, at least some processing and analysis of sensor data and control of a
mobile system is performed remotely. As shown in FIGURE 7, the crop management system
700 includes a mobile crop monitoring and treatment system 710, which includes multiple
sensors and one or more robotic arms for applying treatments to plants. The sensors and robotic
arms can be mounted on, for example, a vehicle, cart, or drone. In some embodiments, the
mobile system 710 may be the same as or similar to the mobile system 100 or 300 described
above.

[0081]  In the crop management system 700, the mobile crop monitoring and treatment
system 710 captures sensor data related to plants in a crop. Some or all of the data can be

transmitted to a data processing unit (DPU) 720 via a network 730. In some embodiments, the
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mobile system 710 represents one of multiple vehicles or robots, and these vehicles or robots
may communicate and exchange information with one another as well as with the DPU 720.
The DPU 720 analyzes the sensor data and sends information regarding the crop to an
individual 760, such as a grower and/or other parties, via one or more end-user devices, such
as a smartphone 740 and/or a computer 750. The DPU 720 may also send commands to the
mobile crop monitoring and treatment system 710. The grower or other individuals 760 may
also send information to the DPU 720 and/or send commands to the mobile system 710 via the
network 730.

[0082] In FIGURE 7, arrows are used to indicate transmission of sensor data and/or
other information. In some embodiments, the crop management system 700 includes or
supports a web-based and/or cloud-based system, where communications between the mobile
system 710, the DPU 720, and the grower or other individuals 760 or devices is primarily or
entirely through wireless communications.

[0083]  Although FIGURE 7 illustrates one example of a crop management system 700
that includes a mobile crop monitoring and treatment system, various changes may be made to
FIGURE 7. For example, various components shown in FIGURE 7 may be combined, further
subdivided, replicated, rearranged, or omitted and additional components may be added
according to particular needs.

[0084] Note that, in some embodiments, the mobile crop monitoring and treatment
systems described here are designed to operate in the dark, such as at night. This can be
beneficial as it can reduce interference with other greenhouse or field operations. Also, in some
cases, the sensor-based monitoring systems may operate with greater sensitivity at night, as
plants tend to be dormant during periods of darkness. During the daytime, normal practices of
staff tending to a crop might temporarily stress the plants, such as due to moving plant heads,
removing shoots, picking fruits, and the like.

[0085]  Also note that embodiments of the systems and methods described here may
rely primarily on the detection (through sensors) and interpretation (through data analysis) of
plant-based signals to provide information about crop health and to determine appropriate
remediative treatments to be administered. In some embodiments, the sensors on the mobile
sensory platforms are proximate to the plants during sensing and data capture but do not touch
the plants or soil. Such non-contact monitoring can help to reduce the spread of pests and
diseases.

[0086]  Further, note that the systems and methods described here for monitoring and
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assessing crop health can provide rapid and sensitive screening of individual plant health and
treatment of plants with reduced human labor and at a far greater speed than can be
accomplished by humans manually. The systems and methods described here can be deployed
outdoors (such as in a field or orchard) or indoors (such as in a greenhouse). The systems and
methods have automated components but are flexible and can be modified to enhance the crop
monitoring and treatment that they perform.

[0087] In addition, note that embodiments of the technology, devices, systems, and
methods described here can be used separately or can be used in various combinations as
desired. For example, any desired combination of features of the mobile systems 100, 300, 710
described above may be used in a specific implementation of a mobile system.

[0088] In some embodiments, various functions described in this patent document are
implemented or supported by a computer program that is formed from computer readable
program code and that is embodied in a computer readable medium. The phrase “computer
readable program code” includes any type of computer code, including source code, object
code, and executable code. The phrase “computer readable medium™ includes any type of
medium capable of being accessed by a computer, such as read only memory (ROM), random
access memory (RAM), a hard disk drive (HDD), a compact disc (CD), a digital video disc
(DVD), or any other type of memory. A “non-transitory” computer readable medium excludes
wired, wireless, optical, or other communication links that transport transitory electrical or
other signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a
rewritable optical disc or an erasable storage device.

[0089] It may be advantageous to set forth definitions of certain words and phrases
used throughout this patent document. The terms “application” and “program” refer to one or
more computer programs, software components, sets of instructions, procedures, functions,
objects, classes, instances, related data, or a portion thereof adapted for implementation in a
suitable computer code (including source code, object code, or executable code). The term
“communicate,” as well as derivatives thereof, encompasses both direct and indirect
communication. The terms “include” and “comprise,” as well as derivatives thereof, mean
inclusion without limitation. The term “or” is inclusive, meaning and/or. The phrase
“associated with,” as well as derivatives thereof, may mean to include, be included within,
interconnect with, contain, be contained within, connect to or with, couple to or with, be

communicable with, cooperate with, interleave, juxtapose, be proximate to, be bound to or
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with, have, have a property of, have a relationship to or with, or the like. The phrase “at least
one of,” when used with a list of items, means that different combinations of one or more of
the listed items may be used, and only one item in the list may be needed. For example, “at
least one of: A, B, and C” includes any of the following combinations: A, B, C, A and B, A
and C, B and C, and A and B and C.

[0090]  The description in the present application should not be read as implying that
any particular element, step, or function is an essential or critical element that must be included
in the claim scope. The scope of patented subject matter is defined only by the allowed claims.
Moreover, none of the claims invokes 35 U.S.C. § 112(f) with respect to any of the appended
claims or claim elements unless the exact words “means for” or “step for” are explicitly used

in the particular claim, followed by a participle phrase identifying a function. Use of terms such
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module,” “device,” “unit, element,”

as (but not limited to) “mechanism, component,
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“member,” “apparatus,” “machine,” “system,” “processor,” or “controller” within a claim is
understood and intended to refer to structures known to those skilled in the relevant art, as
further modified or enhanced by the features of the claims themselves, and is not intended to
invoke 35 U.S.C. § 112(f).

[0091] While this disclosure has described certain embodiments and generally
associated methods, alterations and permutations of these embodiments and methods will be
apparent to those skilled in the art. Accordingly, the above description of example
embodiments does not define or constrain this disclosure. Other changes, substitutions, and
alterations are also possible without departing from the spirit and scope of this disclosure, as

defined by the following claims.
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WHAT IS CLAIMED IS:

1. A mobile crop monitoring and treatment system comprising:

a vehicle with a propulsion system;

multiple sensors mounted on the vehicle, each sensor configured to capture data
pertaining to at least one plant-related parameter when the sensor is positioned proximate to a
plant in a crop;

a storage system configured to house multiple treatment agents comprising at least one
chemical pesticide and at least one biological control agent on-board the vehicle;

an application system configured to apply one or more of the treatment agents to the
plant; and

a controller configured to control movement of the vehicle and operation of the sensors
and the application system, the controller configured to cause the application system to apply
one or more of the treatment agents to the plant in response to one or more signals from one or

more of the sensors.

2. The mobile crop monitoring and treatment system of Claim 1, wherein:

the mobile crop monitoring and treatment system further comprises an on-board
computer processor; and

the controller is configured to cause the application system to apply the one or more
treatment agents to the plant at a dosage and a concentration determined by the on-board

computer processor in response to the one or more signals from the one or more sensors.

3. The mobile crop monitoring and treatment system of Claim 1, wherein the

application system comprises at least one robotic arm and at least one applicator.

4, The mobile crop monitoring and treatment system of Claim 3, wherein the
storage system comprises:

at least one chemical pesticide container configured to house the at least one chemical
pesticide;

at least one biological control agent container configured to house the at least one
biological control agent; and

at least one carrier container configured to house at least one solvent or carrier.
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5. The mobile crop monitoring and treatment system of Claim 4, wherein the
controller is configured to cause the mobile crop monitoring and treatment system to:

draw the at least one chemical pesticide from the at least one chemical pesticide
container;

draw the at least one solvent or carrier from the at least one carrier container; and

combine the at least one chemical pesticide and the at least one solvent or carrier

upstream of the at least one applicator.

6. The mobile crop monitoring and treatment system of Claim 4, wherein:

the at least one chemical pesticide container comprises a multi-compartment container
and a pump;

each compartment of the multi-compartment container is configured to house a
different pesticide or pesticide component material; and

the controller is configured to cause the pump to selectively draw multiple pesticides
or pesticide component materials from the multi-compartment container and mix the multiple

pesticides or pesticide component materials in a mixing region.

7. The mobile crop monitoring and treatment system of Claim 6, wherein the

mixing region is upstream of the at least one applicator.

8. The mobile crop monitoring and treatment system of Claim 6, wherein the

mixing region is downstream of the at least one applicator.

9. The mobile crop monitoring and treatment system of Claim 4, wherein the at

least one biological control agent container comprises an aerator or agitator.

10. The mobile crop monitoring and treatment system of Claim 3, further
comprising:

at least one ultraviolet light positioned on the at least one robotic arm.

11.  The mobile crop monitoring and treatment system of Claim 1, wherein the

mobile crop monitoring and treatment system is a ground-based system.
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12.  The mobile crop monitoring and treatment system of Claim 1, wherein the

mobile crop monitoring and treatment system is an air-borne system.

13.  The mobile crop monitoring and treatment system of Claim 1, wherein the

mobile crop monitoring and treatment system forms part of a robotic scout.

14. The mobile crop monitoring and treatment system of Claim 1, wherein the
mobile crop monitoring and treatment system forms part of a cart that is configured to be driven

by an operator.

15. A method for treating a plant in a crop, the method comprising:

assessing a health of the plant in the crop by gathering sensor data using an automated
vehicle equipped with multiple sensors;

processing the sensor data to determine a treatment to be applied to the plant in the
crop;

dispensing the treatment from a storage system carried on-board the automated vehicle,
the storage system housing at least one chemical pesticide and at least one biological control
agent; and

delivering the treatment to the plant in the crop via a robotic arm and an applicator
carried on-board the automated vehicle;

wherein a concentration and a dosage of the treatment applied to the plant in the crop

are controllable and adjustable by a controller on-board the automated vehicle.

16. The method of Claim 15, wherein the sensor data is processed on-board the

automated vehicle to determine the treatment to be applied to the plant in the crop.

17. The method of Claim 15, wherein dispensing the treatment from the storage
system comprises:
mixing multiple chemical pesticides or pesticide component materials drawn from the

storage system with at least one carrier to provide a desired formulation.
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18. The method of Claim 15, wherein dispensing the treatment from the storage
system comprises:

mixing multiple chemical pesticides or pesticide component materials drawn from the
storage system with at least one carrier and with at least one adjuvant to provide a desired

formulation.

19. The method of Claim 15, wherein:

the at least one biological control agent is housed in a container in the storage system;
and

the method further comprises agitating or aerating the at least one biological control
agent so that the at least one biological control agent is more uniformly dispersed within the

container.

20. A mobile crop monitoring and treatment system comprising:

a vehicle with a propulsion system;

multiple sensors mounted on the vehicle, each sensor configured to capture data
pertaining to at least one plant-related parameter when the sensor is positioned proximate to a
plant in a crop;

a storage system configured to house chemical pesticides and biological control agents
on-board the vehicle, the storage system comprising multiple containers, at least one of the
containers comprising multiple compartments, the compartments of the containers collectively
configured to store multiple materials including the chemical pesticides or pesticide component
materials, the biological control agents, one or more solvents, and one or more adjuvants;

one or more applicators configured to apply one or more treatments to the plant;

one or more robotic arms configured to position at least one of the one or more
applicators for application of the one or more treatments to the plant; and

a controller configured to control movement of the vehicle and operation of the mobile
crop monitoring and treatment system, the controller configured to cause the one or more
applicators to apply the one or more treatments to the plant in response to one or more signals
from one or more of the sensors, wherein different treatments are associated with different

materials or combinations of materials from the containers.
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