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(57) ABSTRACT

An apparatus comprises a base vehicle, a takeofl and landing
system, a rack system, a refueling system associated with the
base vehicle, and a controller. The rack system comprises a
group ol racks with slots in which the slots receive
unmanned aerial vehicles, provide refueling connections
that facilitate refueling of the unmanned aerial vehicles
located 1n the slots, and provide data connections that
facilitate data transmission with the unmanned aerial
vehicles located 1n the slots. The refueling system retuels an
unmanned aerial vehicle located in a slot using a refueling
connection 1n the refueling connections. The controller
communicates with the unmanned aernal vehicle using a data
connection and control the refueling of the unmanned aerial
vehicles by the refueling system while the unmanned aerial
vehicle 1s 1n the slot, enabling exchanging data with the
unmanned aerial vehicle and the refueling of the unmanned
aerial vehicle simultaneously.
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AERIAL AGRICULTURAL MANAGEMENT
SYSTEM

BACKGROUND INFORMATION

[0001] 1. Field

[0002] The present disclosure relates generally to agricul-
ture and, 1n particular, to an agriculture management system.
Still more particularly, the present disclosure relates to a
method and apparatus for managing agricultural regions.

[0003] 2. Background

[0004] Agriculture involves the cultivation of plants, ani-
mals, and other life forms 1n agricultural regions as
resources. The products of agriculture regions may be used
for food, fuel, medicines, and other purposes.

[0005] Production in agricultural regions are often man-
aged to increase the production in those regions. The man-
agement of an agricultural region may be fairly complex.
For example, 1rrigation, insect infestation management, soil
erosion management, managing nutrient runoils, weed con-
trol, bird control, crop selection, and other task are per-
formed 1n managing the production 1n the agricultural
region.

[0006] Having information about the agricultural region 1s
important for identifying and implementing tasks for man-
aging an agricultural region. Sensors may be placed on the
land 1n the agricultural region to collect sensor data. For
example, sensors may be present to detect moisture for
purposes for irrigation.

[0007] Sensor systems on the land, however, may be
impractical, depending on the size of the agricultural region.
For example, if the agricultural region 1s about twenty
thousand acres, installing sensors on the land in the agri-
cultural region to detect moisture or growth of crops may
cost more than desired, and maintenance of the sensor
system may be more than desired.

[0008] As another example, satellite 1mages may be used
to obtain information about the agricultural region. The
satellite 1mages, however, may not provide information as
frequently as desired when compared to sensors on the land.
Also, the resolution of satellite images may not be as great
as desired for analysis. For example, the images may not
have a quality that allows for i1dentifying features in the
agricultural region needed for analysis.

[0009] Another system includes the use of aircrafit.
Manned and unmanned aircrait may fly over the agricultural
region and generate 1mages and other types of sensor data
about the agricultural region. Using manned aircrait may be
less convenient and more costly than desired. Flights need to
be scheduled, and fuel 1s needed to fly from the airport to the
agricultural region and back to the airport.

[0010] Unmanned aircraft in the form of unmanned aerial
vehicles (UAVs) are being used more and more often. These
types of aircrait are more convenient and less expensive than
manned aircrait.

[0011] However, using unmanned aerial vehicles involves
having human operators launch and retrieve the unmanned
aerial vehicles after the unmanned aerial vehicles fly a
mission over the agricultural region. These launch and
retrieval operations are considered high workload operations
that may require more personnel than desired. Also, time and
effort that occur to retrieve and send the sensor data for
analysis from the unmanned aerial vehicles may be more
than desired.
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[0012] The current systems may not generate sensor data
for analysis about agricultural regions as quickly as desired
to prevent or reduce damage. The time needed to obtain
sensor data about an agricultural region may not identify an
insect infestation until large amounts of damage has been
done to the crop in the agricultural region.

[0013] For example, the potato beetle may cause signifi-
cant damage to potato crops, tomato crops, and eggplant
crops 1n a matter of a day or several days. Currently used
systems for obtaining sensor data about agricultural regions
may not provide information about such an infestation
quickly enough to prevent or reduce damage to crops by the
potato beetles.

[0014] Therefore, 1t would be desirable to have a method
and apparatus that take into account at least some of the
1ssues discussed above, as well as other possible 1ssues. For
example, 1t would be desirable to have a method and
apparatus that overcome a technical problem with obtaining
information about an agricultural region as efliciently as
desired.

SUMMARY

[0015] In one illustrative embodiment, an apparatus 1s
provided. The apparatus comprises a base vehicle, a takeoil
and landing system associated with the base vehicle, a rack
system associated with the base vehicle, a refueling system
assoclated with the base vehicle, and a controller associated
with the base vehicle. The rack system comprises a group of
racks with slots 1n which the slots are configured to receive
unmanned aerial vehicles, provide refueling connections
that facilitate refueling of the unmanned aerial vehicles
located 1n the slots and provide data connections that facili-
tate data transmission with the unmanned aerial vehicles
located 1n the slots. The refueling system i1s configured to
refuel an unmanned aerial vehicle 1n the unmanned aerial
vehicles located 1n a slot using a refueling connection 1n the
refueling connections. The controller 1s configured to com-
municate with the unmanned aerial vehicle using a data
connection 1n the data connections and control the refueling
of the unmanned aerial vehicles by the refueling system
while the unmanned aerial vehicle 1s 1n the slot, enabling
exchanging data with the unmanned aerial vehicle and the
refueling of the unmanned aernal vehicle simultaneously.

[0016] A further illustrative embodiment of the present
disclosure provides an unmanned aerial vehicle. The
unmanned aerial vehicle comprises a semi-trailer truck, a
launching and recovery system associated with the semi-
trailer truck, a rack system associated with the semi-trailer
truck, a refueling system associated with the semi-trailer
truck, a controller associated with the semi-trailer truck, and
a door system on the semi-trailer truck that are moveable.
The launching and recovery system 1s configured to launch
and recover unmanned aerial vehicles. The rack system
comprises slots 1 a group of racks configured to receive the
unmanned aerial vehicles, provide refueling connections
that facilitate refueling of the unmanned aerial vehicles
located 1n the slots, and provide data connections that
facilitate data transmission with the unmanned aerial
vehicles located 1n the slots. The refueling system 1s con-
figured to refuel the unmanned aerial vehicle 1n the
unmanned aerial vehicles located in the slots using the
refueling connections. The controller 1s configured to com-
municate with the unmanned aerial vehicles using the data
connections and control the refueling of the unmanned aerial
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vehicles by the refueling system while the unmanned aerial
vehicles are 1n the slots, control a flight of a group of the
unmanned aerial vehicles over an agricultural region such
that the group of the unmanned aerial vehicles generate
sensor data about the agricultural region; download the
sensor data from the group of the unmanned aerial vehicles
over a group of the data connections for a group of the slots
in which the group of the unmanned aerial vehicles are
placed after the flight of the group of the unmanned aerial
vehicles. The door system facilitate launching and recovery
of the unmanned aerial vehicles.

[0017] A yet further 1llustrative embodiment of the present
disclosure provides a method for surveying an agricultural
region. A flight of a group of unmanned aerial vehicles from
a takeofl and landing system associated with a base vehicle
1s 1nitiated. The group of the unmanned aerial vehicles flies
over the agricultural region and generate sensor data about
the agricultural region. The group of unmanned aerial
vehicles are recovered after the tlight over the agricultural
region 1s completed. The group of unmanned aerial vehicles
from the takeoil and landing system are moved into a group
of slots 1n a rack system. Sensor data from the group of the
unmanned aerial vehicles 1s downloaded using data connec-
tions while the group of unmanned aerial vehicles 1s 1n the
group ol the slots. The group of the unmanned aerial
vehicles 1s refueled using a refueling system while the group
of unmanned aerial vehicles 1s in the group of slots, wherein
simultaneous downloading of sensor data refueling of the
group of unmanned aerial vehicles 1s enabled.

[0018] The features and functions can be achieved inde-
pendently 1n various embodiments of the present disclosure
or may be combined 1n yet other embodiments 1n which
further details can be seen with reference to the following
description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The novel features believed characteristic of the
illustrative embodiments are set forth in the appended
claims. The 1llustrative embodiments, however, as well as a
preferred mode of use, further objectives, and features
thereof, will best be understood by reference to the follow-
ing a detailed description of illustrative embodiments of the
present disclosure when read 1n conjunction with the accom-
panying drawings, wherein:

[0020] FIG. 1 1s an 1llustration of an agricultural environ-
ment 1n accordance with an 1illustrative embodiment;

[0021] FIG. 2 1s an 1illustration of a block diagram of an
agricultural environment 1n accordance with an illustrative
embodiment;

[0022] FIG. 3 1s an illustration of a block diagram of a
controller in accordance with an illustrative embodiment;

[0023] FIG. 4 1s an illustration of a block diagram of a rack
system 1n accordance with an illustrative embodiment;

[0024] FIG. 5 1s an illustration of a block diagram of a
takeoll and landing system 1n accordance with an 1llustrative

embodiment:;

[0025] FIG. 6 1s an illustration of a block diagram of a
refueling system in accordance with an 1illustrative embodi-
ment;

[0026] FIG. 7 1s an 1illustration of a block diagram of an
unmanned aerial vehicle 1n accordance with an illustrative
embodiment;
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[0027] FIG. 81s anillustration of a block diagram of a data
processing system 1n accordance with an 1illustrative
embodiment;

[0028] FIG. 9 1s an 1illustration of an unmanned aerial
vehicle system 1n accordance with an 1llustrative embodi-
ment;

[0029] FIG. 10 1s an 1llustration of an unmanned aerial
vehicle system with an unmanned aerial vehicle positioned
on a launcher 1 accordance with an illustrative embodi-
ment,

[0030] FIG. 11 1s an 1llustration of an unmanned aerial
vehicle system held by a catcher in accordance with an
illustrative embodiment;

[0031] FIG. 12 1s an 1llustration of a slot 1n a rack system
in accordance with an illustrative embodiment;

[0032] FIG. 13 1s an 1illustration of an unmanned aerial
vehicle 1n a slot 1n a rack system i1n accordance with an
illustrative embodiment;

[0033] FIG. 14 1s an 1llustration of a flowchart of a process
for surveying a land region 1n accordance with an illustrative
embodiment;

[0034] FIG. 15 1s an 1llustration of a flowchart of a process
for pressing sensor data in accordance with an illustrative
embodiment; and

[0035] FIG. 16 1s an 1llustration of a flowchart of a process
for analyzing sensor data in accordance with an illustrative
embodiment.

DETAILED DESCRIPTION

[0036] The illustrative embodiments recognize and take
into account one or more different considerations. For
example, the illustrative embodiments recognize and take
into account that the cost and human labor used to obtain
sensor data about an agricultural region may reduce the
frequency or accuracy of the sensor data obtained. As a
result, sensor data may not be obtained as quickly as desired
to 1dentify undesired conditions in an agricultural region.
When undesired conditions are not identified quickly
enough, the performance of actions to counter the undesired
condition may not occur quickly enough to reduce damage
to the crops or other resources being produced in the
agricultural region.

[0037] Thus, the illustrative embodiments provide a
method and apparatus to manage an agricultural region. In
one example, an apparatus comprises a base vehicle, a
takeofl and landing system, a rack system, a refueling
system, and a controller. The rack system comprises a group
of racks with slots in which the slots are configured to
receive the unmanned aerial vehicles, provide refueling
connections that facilitate refueling of the unmanned aerial
vehicles located 1n the slots, and provide data connections
that facilitate data transmission with the unmanned aerial
vehicles located 1n the slots. As used herein, “a group of”,
when used with reference to items, means one or more items.
For example, “a group of racks™ 1s one or more racks.

[0038] The refueling system 1s configured to refuel an
unmanned aerial vehicle in unmanned aernal vehicles located
in a slot in the slot using a refueling connection in the
refueling connections. The controller 1s configured to com-
municate with the unmanned aerial vehicle using a data
connection 1n the data connections and control refueling of
the unmanned aerial vehicles by the refueling system while
the unmanned aerial vehicle 1s 1n the slot, thus enabling
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exchanging data with the unmanned aerial vehicle and
refueling the unmanned aerial vehicle simultaneously.
[0039] With reference now to the figures, and, 1n particu-
lar, with reference to FIG. 1, an 1llustration of an agricultural
environment 1s depicted 1n accordance with an illustrative
embodiment. Agricultural environment 100 includes agri-
cultural region 102. In this illustrative example, crops 104
grow 1n agricultural region 102.

[0040] Unmanned aerial vehicle system 106 includes
semi-traller truck 108 that autonomously launches and
retrieves unmanned aerial vehicles 110, which include
unmanned aerial vehicle 112, unmanned aerial vehicle 114,
unmanned aerial vehicle 116, and unmanned aerial vehicle
118 1n this 1illustrative example. Other unmanned aerial
vehicles, not shown, may be stored within semi-trailer truck
108.

[0041] As depicted, controller 120 in semi-trailer truck
108 controls the flight of unmanned aerial vehicles 110 over
crops 104 for agricultural region 102. As unmanned aerial
vehicles 110 fly over agricultural region 102, unmanned area
vehicles 110 generate sensor data about agricultural region

102.

[0042] When the flight of unmanned aernal vehicles 110 1s
complete, unmanned aerial vehicles 110 return to semi-
trailer truck 108. In this illustrative example, semi-trailer
truck 108 autonomously retrieves unmanned aerial vehicles

110.

[0043] Additionally, controller 120 retrieves sensor data
from unmanned aerial vehicles 110 that return to semi-trailer
truck 108. Additionally, controller 120 controls refueling of
unmanned aerial vehicles 110 within semi-trailer truck 108
to make unmanned aerial vehicles 110 within semi-trailer
truck 108 ready for additional missions.

[0044] As a result, unmanned aerial vehicle system 106
provides an automated launch and retrieval of unmanned
aerial vehicles 110. Additionally, unmanned aerial vehicle
system 106 also provides for multi-vehicle coordination,
automated refueling, data handling, and other features that
reduce the cost and time 1n obtaining information about large
areas, such as agricultural region 102.

[0045] The illustration of agricultural environment 100 1s
not meant to limit the manner 1n which different illustrative
embodiments may be implemented. For example, other
numbers of unmanned aerial vehicles 110 may be used. For
example, unmanned aerial vehicle system 106 may manage
three, eight, ten, twenty-three, or some other number of
unmanned aerial vehicles. Additionally, the unmanned
vehicles may be of the same or different types. In still
another illustrative example, unmanned aernal vehicle sys-
tem 106 may include one or more semi-trailer trucks in
addition to semi-trailer truck 108.

[0046] With reference now to FIG. 2, an illustration of a
block diagram of an agricultural environment 1s depicted in
accordance with an illustrative embodiment. Agricultural
environment 100 of FIG. 1 1s an example of a physical
limitation of agricultural environment 200 in FIG. 2. The
block diagram of agricultural environment 200 shows func-
tional components that may be used 1n agricultural environ-
ment 100,

[0047] As depicted, agricultural environment 200 includes
agricultural region 202. Agricultural region 202 1s an area of
land, which may be contiguous or noncontiguous.

[0048] Agricultural region 202 produces resources 204.
Resources 204 maybe selected from at least one of plants,

Apr. 6, 2017

amimals, fungi, or other suitable lifeforms that may be
grown, cultivated, raised, or some combination thereof.
[0049] As used herein, the phrase “at least one of”, when
used with a list of 1tems, means different combinations of
one or more of the listed 1items may be used, and only one
of each item 1n the list may be needed. In other words, “at
least one of” means any combination of items and number
of 1tems may be used from the list, but not all of the items
in the list are required. The item may be a particular object,
thing, or a category.

[0050] For example, without limitation, “at least one of
item A, 1tem B, or item C” may include 1tem A, 1tem A and
item B, or item B. This example also may include item A,
item B, and item C or item B and item C. Of course, any
combinations of these items may be present. In some 1llus-
trative examples, “at least one of” may be, for example,
without limitation, two of 1item A; one of item B and ten of
item C; four of item B and seven of 1tem C; or other suitable
combinations.

[0051] In this 1illustrative example, unmanned aerial
vehicle system 206 1s a physical system that operates to
generate sensor data 208 about agricultural region 202.
Sensor data 208 1s used to manage agricultural region 202.
As depicted, sensor data 208 includes 1mages, timestamps,
position information, temperature readings, and other suit-
able types of information.

[0052] Unmanned aerial vehicle system 206 1s comprised
of different physical components. As depicted, unmanned
aerial vehicle system 206 includes base vehicle 210, takeoil
and landing system 212, rack system 214, refueling system
216, controller 218, and unmanned aerial vehicles 220.

[0053] Base vehicle 210 1s a mobile platform with which
takeofl and landing system 212, rack system 214, refueling
system 216, controller 218 are associated. When one com-
ponent 1s “associated” with another component, the asso-
ciation 1s a physical association. For example, a first com-
ponent, rack system 214, may be considered to be physically
associated with a second component, base vehicle 210, by at
least one of being secured to the second component, bonded
to the second component, mounted to the second compo-
nent, welded to the second component, fastened to the
second component, or connected to the second component 1n
some other suitable manner. The first component also may
be connected to the second component using a third com-
ponent. The first component may also be considered to be
physically associated with the second component by being
formed as part of the second component, an extension of the
second component, or both.

[0054] In the illustrative example, base vehicle 210 1s
powered. In other words, base vehicle 210 moves under its
own power. For example, base vehicle 210 may include a
propulsion system that moves base vehicle 210. In other
illustrative examples, base vehicle 210 may be an unpow-
ered vehicle that 1s pushed or pulled. Base vehicle 210 1s
selected from a group comprising a truck, a sport utility
vehicle, a trailer, a train, a semi-trailer truck, or some other
suitable type of vehicle. In the illustrative example, a
semi-trailer truck comprises a tractor unit and one or more
semi-trailers.

[0055] As depicted, takeofl and landing system 212 1is
associated with base vehicle 210 and 1s a system from which
unmanned aerial vehicles 220 takeoil and land. In the
illustrative example, unmanned aerial vehicles 220 may
takeofl unassisted, land unassisted, takeofl with assistance,



US 2017/0096222 Al

land with assistance, or some combination thereof.
Unmanned aenal vehicles 220 are selected from at least one
of an airplane, a helicopter, an ornithopter, a quadcopter, or
some other suitable types of unmanned aerial vehicles.
Unmanned aerial vehicles 220 may be all of the same type
or different types. In other words, unmanned aerial vehicles
220 may be heterogeneous or homogeneous in composition.

[0056] Unmanned aerial vehicles 220 may be launched
from takeofl and landing system 212. In another example,
unmanned aerial vehicles 220 may takeofl under their own
power from takeofl and landing system 212. In another
example, unmanned aerial vehicles 220 may land on a
platform 1n takeofl and landing system 212 under their own
power. In yet another illustrative example, unmanned aerial
vehicles 220 may be caught 1n midair by takeoil and landing
system 212.

[0057] In this illustrative example, rack system 214 is
associated with base vehicle 210. Rack system 214 provides
a structure to hold unmanned aerial vehicles 220. Rack
system 214 provides a location for at least one of storage,
retueling, data transfer, or other suitable functions 1n which
unmanned aerial vehicles 220 are held in slots 224.

[0058] Slots 224 are volumes 1n rack system 214. In this
example, slots 224 are configured to receive unmanned
aerial vehicles 220, provide refueling connections 226 that
tacilitate refueling of unmanned aerial vehicles 220 located
in slots 224, and provide data connections 228 that facilitate
data transmission with the unmanned aerial vehicles located
in the slots.

[0059] Refueling system 216 1s associated with base
vehicle 210. As depicted, refueling system 216 1s configured
to refuel unmanned aerial vehicle 230 1n unmanned aerial
vehicles 220 when unmanned area vehicle 230 1s located in
slot 232 1n slots 224 using refueling connection 234 1n
refueling connections 226.

[0060] In the illustrative example, controller 218 1s asso-
ciated with base vehicle 210. As depicted, controller 218 1s
configured to communicate with unmanned aerial vehicle
230 using data connection 236 in data connections 228 and
control refueling of unmanned aerial vehicle 230 by refu-
eling system 216 while unmanned aerial vehicle 230 i1s 1n
slot 232, enabling exchanging data with unmanned aerial
vehicle 230 and refueling unmanned aerial vehicle 230
simultaneously.

[0061] During operation, controller 218 controls a tlight of
a group of unmanned aerial vehicles 220 over agricultural
region 202. This flight 1s such that the group of unmanned
aerial vehicles 220 generates sensor data 208 about agricul-
tural region 202. Controller 218 also downloads sensor data
208 from the group of unmanned aerial vehicles 220 over a
group of data connections 228 for a group of slots 224 1n
which the group of unmanned aerial vehicles 220 are placed
after the flight of the group of unmanned aerial vehicles 220.

[0062] In the illustrative example, controller 218 may
perform pre-processing of sensor data 208. For example,
controller 218 may be configured to process sensor data 208
received from unmanned aerial vehicles 220. For example,
the pre-processing may be to remove noise in sensor data
208, identify features 1n 1mages in sensor data 208, or some
other types of processing sensor data 208.

[0063] Also, controller 218 may identify undesired con-
dition 246 1n agricultural region 202 using the sensor data
208. Controller 218 also may be configured to identily
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action 248 based on undesired condition 246 1n agricultural
region 202 when undesired condition 246 1n agricultural
region 202 1s present.

[0064] In the illustrative example, undesired condition 246
may take different forms. For example, undesired condition
246 may be selected from a group comprising an undesired
level of moisture, an insect infestation, soil erosion, a
nutrient runoft, weed control, and other undesired conditions
that may atfect production 1n agricultural region 202.

[0065] Action 248 may take different forms. For example,
action 248 may be selected from a group comprising sending
an alert, generating a report, analyzing undesired condition
246, i1dentifying a corrective action to reduce undesired
condition 246, generating a prescription to correct undesired
condition 246, sending a command to control an 1rrigation
system 1n agricultural region 202, and other suitable actions.

[0066] Controller 218 1s implemented in software, hard-
ware, firmware, or a combination thereof. When software 1s
used, the operations performed by controller may be 1mple-
mented 1n program code configured to run on hardware, such
as a processor unit. When firmware 1s used, the operations
performed by controller 218 may be implemented 1n pro-
gram code and data and stored in persistent memory to run
on a processor unit. When hardware 1s employed, the
hardware may include circuits that operate to perform the
operations 1n controller 218.

[0067] In the illustrative examples, the hardware may take
the form of a circuit system, an integrated circuit, an
application specific itegrated circuit (ASIC), a program-
mable logic device, or some other suitable type of hardware
configured to perform a number of operations. With a
programmable logic device, the device may be configured to
perform the number of operations. The device may be
reconfigured at a later time or may be permanently config-
ured to perform the number of operations. Programmable
logic devices include, for example, a programmable logic
array, a programmable array logic, a field programmable
logic array, a field programmable gate array, and other
suitable hardware devices. Additionally, the processes may
be implemented in organic components integrated with
inorganic components and may be comprised entirely of
organic components excluding a human being. For example,
the processes may be implemented as circuits in organic
semiconductors.

[0068] In this example, controller 218 may be located 1n
computer system 238 associated with base vehicle 210.
Computer system 238 1s a hardware system and includes one
or more data processing systems. When more than one data
processing system 1s present, those data processing systems
are 1n communication with each other using a communica-
tions medium. The communications medium may be a
network. The data processing systems may be selected from
at least one of a computer, a server computer, a tablet, or
some other suitable data processing system.

[0069] As depicted, unmanned aerial vehicle system 206
may also include communications system 240. Communi-
cations system 240 1s configured to allow controller 218 to
communicate with remote computer system 242 in a remote
location 244. For example, controller 218 may send sensor
data 208 1n a processed or unprocessed form to remote
computer system 242. Controller 218 may receive instruc-
tions, such as other agricultural regions for data collection,
type of sensor data desired, or other instructions.
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[0070] Communication using communications system 240
may occur using different types of devices. For example,
communications system 240 may include using at least one
of a wireless communications system, a satellite communi-
cations system, or some other suitable communications
system.

[0071] In one illustrative example, one or more technical
solutions are present that overcome a technical problem with
obtaining information about an agricultural region 202 as
elliciently as desired. As a result, one or more technical
solutions may provide a technical effect identifying unde-
sired conditions quickly enough to take actions to reduce the
undesired conditions.

[0072] Turning next to FIG. 3, an illustration of a block
diagram of a controller 1s depicted in accordance with an
illustrative embodiment. In the illustrative examples, the
same reference numeral may be used in more than one
figure. This reuse of a reference numeral 1n different figures
represents the same element in the different figures.

[0073] As depicted, controller includes several compo-
nents. In this example, controller 218 comprises vehicle
manager 300 and sensor data manager 302. Vehicle manager
300 1s configured to communicate with unmanned aerial
vehicles 220 using data connections 228 and control refu-
eling of unmanned aerial vehicles 220 while unmanned

aerial vehicles 220 are located in slots 224 in the group of
racks 400 in FIG. 4.

[0074] Further, vehicle manager 300 also may be config-
ured to monitor the health of unmanned aerial vehicles 220
and determines whether maintenance 1s needed {for
unmanned aerial vehicles 220. The monitoring may occur
while unmanned aerial vehicles 220 are 1n slots 224 using
data connections 228. In one 1illustrative example, monitor-
ing may occur during flight of unmanned aerial vehicles 220
using wireless connections. In this manner, vehicle manager
300 may 1dentity the flight worthiness of unmanned aerial
vehicles 220 and conditions of unmanned aerial vehicles 220
that may need maintenance.

[0075] As depicted, sensor data manager 302 1s 1n com-
munication with vehicle manager 300. Sensor data manager
302 1s configured to retrieve sensor data 208 from unmanned
aerial vehicles 220 located 1n slots 224. Sensor data manager
302 1s configured to download and store sensor data 208
from unmanned aerial vehicles 220 using data connections
228 1n slots 224. Sensor data manager 302 may store and
transmit sensor data 208 using communications system 240

in FIG. 2.

[0076] FIG. 4 1s an illustration of a block diagram of a rack
system 1n accordance with an illustrative embodiment. In
this illustrative example, rack system 214 1s comprised of a
group of racks 400 and movement system 402. As used
herein, “a group of”, when used with reference to items,
means one or more 1tems. For example, “a group of racks
400” 1s one or more of racks 400. Slots 224 are located
within the group of racks 400.

[0077] As depicted, slots 224 1n the group of racks 400
have refueling connections 226 and data connections 228.
These connections provide an ability to facilitate at least one
of refueling 404 using refueling connections 226 or data
transfer 406 using data connections 228 with unmanned
aerial vehicles 220 located 1n slots 224. Both refueling 404
and data transfer 406 may occur at substantially the same
time. In this manner, simultaneous refueling 404 and data
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transfer 406 reduce the time needed to ready unmanned
aerial vehicles 220 for flying additional missions to generate
sensor data 208.

[0078] In one illustrative example, refueling connections
226 and data connections 228 may be electrical contacts. In
another 1llustrative example, data connections 228 may be a
wireless connection, and refueling connections 226 may use
magnetic fields for wireless inductive refueling.

[0079] In the illustrative example, data transier 406
includes downloading sensor data 208 from unmanned aerial
vehicles 220. Sensor data 208 may also include health
information about unmanned aerial vehicles 220 1n addition
to information about agricultural region 202.

[0080] Data transier 406 also may include uploading
information. For example, instructions, routes, settings, and
other information may be uploaded to unmanned aerial

vehicles 220.

[0081] In the illustrative example, movement system 402
1s configured to move unmanned aerial vehicle 230 between
slot 232 and takeofl and landing system 212. Movement
system 402 may take different forms. In one illustrative
example, movement system 402 comprises conveyor system
408 and robotic arm system 410. Conveyor system 408 is
configured to move unmanned aerial vehicle 230 on con-
veyer system 408 between a group of racks 400 and takeoil
and landing system 212. As depicted, a robotic arm system
410 1s configured to move unmanned aerial vehicle 230
between slot 232 and conveyer system 408 and move
unmanned aerial vehicle 230 between conveyer system 408
and takeofl and landing system 212. For example, move-
ment system 402 may configured to move unmanned aerial
vehicle 230 to takeofl and landing system 212 from slot 232
in slots 224 and to slot 232 from takeoil and landing system
212.

[0082] FIG. 5 1s an illustration of a block diagram of a
takeoll and landing system 1n accordance with an 1llustrative
embodiment. As depicted, takeofl and landing system 212
may include platform 500. Platform 500 may be used when
unmanned aerial vehicle 230 1s able to take off and land
without assistance. For example, platform 500 may be used
by unmanned aerial vehicle 230 1n the form of a quadcopter.
[0083] In another illustrative example, takeofl and landing
system 212 may include launcher 502 and catcher 504.
Launcher 502 may be, for example, a catapult launcher that
uses compressed air or a rail system to launch unmanned
aerial vehicle 230.

[0084] Catcher 504 1s a mechanism that recovers
unmanned aerial vehicle 230 while unmanned area vehicle
230 1s still 1n the air. Catcher 504 may include at least one
of a towline system, a skyhook, a net, or some other suitable
mechanism for recovering unmanned aerial vehicle 230.
This type of system may be useful when unmanned area
vehicle 230 takes the form of an airplane.

[0085] In FIG. 6, an illustration of a block diagram of a
refueling system 1s depicted in accordance with an illustra-
tive embodiment. In this illustrative example, refueling
system 216 includes charging stations 600 and at least one
of liquid refueling system 602 or electrical refueling system

604.

[0086] Charging stations 600 are located within slots 224.
Charging stations 600 include refueling connections 226.
With liquid refueling system 602, refueling connections 226
are refueling ports 612 that may take the form of nozzles,
syringe 1njection systems, or some other suitable mecha-
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nism. When electrical refueling system 604 1s present,
refueling connections 226 may take the form of contacts
618. When inductive charging 1s used, then refueling con-
nections 226 may 1nclude coils that generate a magnetic field
for inductive charging.

[0087] In this illustrative example, liquid refueling system
602 has liquid fuel tank 606 that holds liquid fuel 608.
Liquid fuel 608 may be, for example, gasoline, diesel fuel,
or some other type of liquid fuel. Pump 610 in liquid
refueling system 602 transiers liquid fuel 608 from liquid
tuel tank 606 to retueling ports 612 in refueling connections
226 1n charging stations 600.

[0088] As depicted, celectrical refueling system 604
includes electrical generator 614. Electrical generator 614
generates current 616. Current 616 1s sent to refueling
connections 226 1n charging stations 600.

[0089] For example, current 616 may flow into unmanned
aerial vehicles 220 through contacts 618 1n refueling con-
nections 226 1n charging stations 600 when electrical refu-
eling system 604 1s conductive charging system 620. When
electrical refueling system 604 takes the form of inductive
charging system 622, current 616 1s sent into coils 624 1n
refueling connections 226 in charging stations 600 that
generate magnetic field 626.

[0090] Thus, refueling system 216 may take different
forms. As discussed above, refueling system 216 may be
selected from at least one of inductive charging system 622,
conductive charging system 620, or liquid refueling system

602.

[0091] With reference next to FIG. 7, an illustration of a
block diagram of an unmanned aerial vehicle 1s depicted in
accordance with an 1illustrative embodiment. Unmanned
aerial vehicle 700 1s an example of one implementation for
one or more of unmanned aerial vehicles 220 1n FIG. 2. As
depicted, unmanned aerial vehicle 700 may take to the form
of airplane 702, helicopter 704, ornithopter 706, or other
suitable forms.

[0092] In this 1llustrative example, unmanned aerial
vehicle 700 includes body 708, propulsion system 710,
battery 712, charging system 714, processor unit 716, stor-
age device 718, wireless communications device 720, and
number of sensors 722. Body 708 provides a structure in
which the different components of unmanned aerial vehicle
700 may be associated with each other. For example, with-
out limitation, body 708 may be a fuselage. Further, body
708 may include aerodynamic surfaces such as wings or
other types of surfaces.

[0093] Propulsion system 710 1s configured to move
unmanned aerial vehicle 700 1n the air. Propulsion system
710 may be, for example, without limitation, an electric
motor configured to rotate a propeller or other type of blade.
In other examples, propulsion system 710 may be config-
ured to move wings on body 708 when unmanned aerial
vehicle 700 takes the form of ornithopter 706. Battery 712
provides electrical energy for unmanned aerial vehicle 700.
Charging system 714 1s connected to battery 712 and allows
battery 712 to be recharged at a charging station.

[0094] Charging system 714 may include inductive coils
for an inductive charging system or conductive contacts for
a conductive charging system. In some advantageous
embodiments, charging system 714 also may be used to
transfer data. As one 1llustrative example, charging system
714 may provide a modulated charge as a carrier frequency.
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This modulated charge allows for the transfer of data in
addition to the providing of power.

[0095] As another illustrative example, conductive con-
tacts 1n charging system 714 may be used to transfer data. In
other examples, power may be provided wirelessly by
charging system 714 using microwaves or a laser.

[0096] Processor unit 716 runs a number of programs for
missions 1n these illustrative examples. Storage device 718
may store sensor data 724 generated by number of sensors
722. Additionally, storage device 718 may store mission 726
that 1s executed or run by processor unit 716. Mission 726
may include at least one of a program, an i1dentification of a
target, or other suitable types of information.

[0097] Wireless communications device 720 1s configured
to provide communications between unmanned aerial
vehicle 700 and unmanned aeral vehicle 206 1n FIG. 2 or
remote computer system 242 in remote location 244 1n FIG.
2. In the illustrative example, number of sensors 722 may
include at least one of visible light camera 728, infrared light
camera 730, motion detector 732, or other suitable types of
sensors that may be used to generate sensor data 724.

[0098] Turning now to FIG. 8, an illustration of a block
diagram of a data processing system 1s depicted in accor-
dance with an illustrative embodiment. Data processing
system 800 may be used to implement one or more data
processing systems 1n computer system 238 and remote
computer system 242 in FIG. 2.

[0099] In this illustrative example, data processing system
800 includes communications framework 802, which pro-
vides communications between processor unit 804, memory
814, persistent storage 816, communications unit 808, input/
output (I/O) umit 810, and display 812. In this example,
communications framework 802 may take the form of a bus
system.

[0100] Processor unit 804 serves to execute instructions
for software that may be loaded into memory 814. Processor
unit 804 may be a number of processors, a multi-processor
core, or some other type of processor, depending on the
particular implementation.

[0101] Memory 814 and persistent storage 816 are
examples of storage devices 806. A storage device 1s any
piece of hardware that 1s capable of storing information,
such as, for example, without limitation, at least one of data,
program code 1n functional form, or other suitable informa-
tion either on a temporary basis, a permanent basis, or both
on a temporary basis and a permanent basis. Storage devices
806 may also be referred to as computer readable storage
devices 1n these 1llustrative examples. Memory 814, 1n these
examples, may be, for example, a random access memory or
any other suitable volatile or non-volatile storage device.
Persistent storage 816 may take various forms, depending on
the particular implementation.

[0102] For example, persistent storage 816 may contain
one or more components or devices. For example, persistent
storage 816 may be a hard drive, a solid state hard drive, a
flash memory, a rewritable optical disk, a rewritable mag-
netic tape, or some combination of the above. The media
used by persistent storage 816 also may be removable. For
example, a removable hard drive may be used for persistent
storage 816.

[0103] Communications unit 808, 1 these 1illustrative
examples, provides for communications with other data
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processing systems or devices. In these 1illustrative
examples, communications umt 808 1s a network 1nterface
card.

[0104] Input/output unit 810 allows for input and output of
data with other devices that may be connected to data
processing system 800. For example, input/output unit 810
may provide a connection for user input through at least one
of a keyboard, a mouse, or some other suitable input device.
Further, input/output unit 810 may send output to a printer.
Display 812 provides a mechanism to display information to
a user.

[0105] Instructions for at least one of the operating sys-
tem, applications, or programs may be located in storage
devices 806, which are 1n communication with processor
unit 804 through communications framework 802. The
processes of the different embodiments may be performed
by processor unit 804 using computer-implemented instruc-
tions, which may be located 1n a memory, such as memory
814.

[0106] These instructions are referred to as program code,
computer usable program code, or computer readable pro-
gram code that may be read and executed by a processor 1n
processor unit 804. The program code in the different
embodiments may be embodied on different physical or
computer readable storage media, such as memory 814 or
persistent storage 816.

[0107] Program code 818 1s located 1n a functional form
on computer readable media 820 that 1s selectively remov-
able and may be loaded onto or transferred to data process-
ing system 800 for execution by processor unit 804. Program
code 818 and computer readable media 820 form computer
program product 822 in these illustrative examples. In one
example, computer readable media 820 may be computer

readable storage media 824 or computer readable signal
media 826.

[0108] In these illustrative examples, computer readable
storage media 824 1s a physical or tangible storage device
used to store program code 818 rather than a medium that
propagates or transmits program code 818. Alternatively,
program code 818 may be transferred to data processing
system 800 using computer readable signal media 826.
Computer readable signal media 826 may be, for example,
a propagated data signal containing program code 818.

[0109] For example, computer readable signal media 826
may be at least one of an electromagnetic signal, an optical
signal, or any other suitable type of signal. These signals
may be transmitted over at least one of communications
links, such as wireless communications links, optical fiber
cable, coaxial cable, a wire, or any other suitable type of
communications link.

[0110] The different components illustrated for data pro-
cessing system 800 are not meant to provide architectural
limitations to the manner in which different embodiments
may be implemented. The different 1llustrative embodiments
may be implemented 1n a data processing system including
components 1n addition to, or 1n place of, those illustrated for
data processing system 800. Other components shown in
FIG. 8 can be varied from the 1llustrative examples shown.
The different embodiments may be implemented using any
hardware device or system capable of running program code

318.

[0111] The illustration of agriculture environment 200 and
the different components 1n agriculture environment 200 in
FIGS. 2-8 1s not meant to imply physical or architectural
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limitations to the manner in which an 1illustrative embodi-
ment may be implemented. Other components 1n addition to,
or 1 place of, the ones illustrated may be used. Some
components may be unnecessary. Also, the blocks are pre-
sented to 1illustrate some functional components. One or
more of these blocks may be combined, divided, or com-
bined and divided into different blocks when implemented in
an 1llustrative embodiment.

[0112] For example, in one illustrative example, move-
ment system 402 may be considered a separate component
from rack system 214, instead of being a part of rack system
214 as depicted 1n FIG. 4. In another illustrative example,
robotic arm system 410 may move unmanned aerial vehicle
230 between slot 232 1n the group of racks 400 and takeoil
and landing system 212.

[0113] As another illustrative example, other conditions
may be 1dentified using sensor data 208 1n addition to, or in
place of, undesired condition 246. For example, a desired
condition, such as crops ready for harvesting, may be
identified using sensor data 208.

[0114] With reference to FIGS. 9-13, illustrations of an
unmanned aerial vehicle system are shown. These illustra-
tions are an example of one physical implementation of

unmanned aerial vehicle system 206 shown 1n block form in
FIG. 2.

[0115] Turning first to FIG. 9, an 1illustration of an
unmanned aerial vehicle system 1s depicted in accordance
with an illustrative embodiment. As depicted, unmanned
aerial vehicle system 900 1s an example of an implementa-
tion of unmanned aerial vehicle system 206 shown 1n block
form 1n FIG. 2. As depicted, unmanned aerial vehicle system
900 includes semi-trailer truck 902 as an example of an
implementation for base vehicle 210 i FIG. 2. Other
components for unmanned aerial vehicle system 900 are
located 1nside semi-trailer truck 902. These other compo-
nents are also examples of physical implementations for
corresponding components shown in block form 1n FIG. 2.

[0116] In this exposed view of semi-trailer truck 902,
different components are seen within semi-trailer truck 902.
As depicted, rack system 904, refueling system 906, takeoil
and landing system 908, communications system 910, and
controller 912 are shown as associated with semi-trailer

truck 902.

[0117] In this view, rack system 904 has rack 914, rack
916, conveyor 918, robotic arm 920, robotic arm 922, and
robotic arm 924. Slots 926 1n rack 914 and rack 916 hold

unmanned aerial vehicles 928.

[0118] As depicted, robotic arm 920 1s configured to move
unmanned aerial vehicle 930 from slot 932 in slots 926 in
rack 914 to conveyor 918. Conveyor 918 1s configured to
move unmanned aerial vehicle 930 between rack system 904
and takeofl and landing system 908. This movement 1s 1n the
directions indicated by arrow 934.

[0119] As depicted takeofl and landing system 908
includes platform 936, launcher, and catcher 940. Conveyor
918 i1s configured to move unmanned aerial vehicle 930 to
platform 936, launcher 938, catcher 940, or some combina-
tion thereof.

[0120] In this depicted example, refueling system 906
stores a liquid fuel used by unmanned aerial vehicles 928.
Retueling system 906 1s configured to transier the liquid fuel
to unmanned aerial vehicles 928 located in slots 926.
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[0121] Communications system 910 provides an ability to
communicate with a computer system 1n a remote location.
Communications system 910 uses satellite communications
in this example.

[0122] In the illustrative example, controller 912 controls
the operation of rack system 904, refueling system 906,
takeofl and landing system 908, communications system
910, and unmanned aerial vehicles 928 such that autono-
mous surveying of an agricultural region may occur in a
manner that generates sensor data to identify conditions in
the agricultural area. The operation of unmanned aerial
vehicle system 900 may occur without needing intervention
by a human operator.

[0123] In this depicted example, opening 942 1s present 1in
the top of semi-trailer truck 902. Opening 942 exposed when
door system 944 moves in semi-trailer truck 902. Opening
942 provides space for unmanned aerial vehicles 928 to be
launched and recovered.

[0124] Turning now to FIG. 10, an illustration of an
unmanned aerial vehicle system with an unmanned aerial
vehicle positioned on a launcher 1s depicted in accordance
with an 1llustrative embodiment. As depicted, robotic arm
924 1s configured to move unmanned aerial vehicle 930 from
conveyor 918 to launcher 938. In this example, launcher 938
1s a pneumatic catapult. As depicted, takeoil and landing
system 908 takes the form of a launching and recovery
system.

[0125] In this figure, unmanned aerial vehicle 930 1is
shown on launch 938 as positioned by robotic arm 924.
Unmanned aernal vehicle 930 may be launched into the air
and fly over an agricultural region and generate sensor data
about the agricultural region.

[0126] With reference to FIG. 11, an illustration of an
unmanned aerial vehicle system held by a catcher 1s depicted
in accordance with an illustrative embodiment. After per-
forming a mission to generate sensor data, unmanned aerial
vehicle 1s recovered using catcher 940 in this example.
[0127] In this figure, unmanned aerial vehicle 930 1is
shown as caught by catcher 940. Unmanned aerial vehicle
930 may be moved from catcher 940 to conveyor 918 by
robotic arm 924. In turn, conveyor 918 moves unmanned
aerial vehicle 930 to rack 914 where robotic arm 920 places
unmanned aerial vehicle 930 back into slot 932.

[0128] Turning next to FIG. 12, an 1llustration of a slot 1n
a rack system 1s depicted in accordance with an 1llustrative
example. In this figure, a view of slot 932 1s depicted. Slot
932 1s a volume within rack 914. In this example, slot 932
has nozzle 1200 and contact 1202.

[0129] Nozzle 1200 1s an example of a refueling port 1n
retueling ports 612 in FIG. 6. Nozzle 1200 may be inserted
into a refueling connection in unmanned aerial vehicle 930
to transfer a liquid fuel to unmanned aernal vehicle 930.
[0130] With reference now to FIG. 13, an illustration of an
unmanned aerial vehicle 1n a slot 1n a rack system 1s depicted
in accordance with an 1illustrative example. In this illustra-
tion, unmanned aerial vehicle 930 1s shown as located 1n slot
932 1n FIG. 9.

[0131] When 1n slot 932, unmanned aerial vehicle 930

may refuel and download sensor data simultaneously. Fur-
ther, instructions, program code, settings, or other informa-

tion may be uploaded to unmanned aernal vehicle 930 while
located 1n slot 932.

[0132] The illustrations of unmanned aerial vehicle sys-
tem 900 and the different components 1n FIGS. 9-12 are
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shown as an example of one implementation for an
unmanned aerial vehicle system. The illustrations are not
meant as limitations to the manner in which unmanned aerial
vehicle system 206 shown in block form 1n FIG. 2 may be
implemented. For example, contact 1202 may be used 1n
place of nozzle 1200 in FIG. 12 to refuel unmanned aerial
vehicle 930 electrically. In another example, a wireless
connection may be used in place of contact 1202 to down-
load sensor data. In yet another illustrative example, an
inductive charging system may be used to refuel unmanned
aerial vehicle 930.

[0133] Further, unmanned aerial vehicle 930 1s shown as
an airplane. In other implementations, unmanned aerial
vehicle 930 may be a helicopter or quadcopter. In yet
another 1llustrative example, a train or an automobile may be
used 1n place of semi-trailer truck 902.

[0134] Turning next to FIG. 14, an 1llustration of a flow-
chart of a process for serving a land region 1s depicted 1n
accordance with an illustrative embodiment. The process
1llustrated in this figure may be implemented in agricultural
environment 200 1n FIG. 2. In particular, one or more of the
different operations may be implemented 1n unmanned aerial
vehicle system 206.

[0135] The process begins by 1nitiating a tlight of a group
of unmanned aerial vehicles from a takeoil and landing
system associated with a base vehicle (operation 1400). The
group of unmanned aerial vehicles flies over the agricultural
region and generates sensor data about the region of land.
The process recovers the group of unmanned aerial vehicles
after the flight over the agricultural region 1s completed
(operation 1402). The recovery may be assisted or unas-
sisted 1n operation 1402. For example, an unmanned aerial
vehicle may be recovered 1n an unassisted manner when the
unmanned aerial vehicle lands on a platform 1n unmanned
aerial vehicle system 206. In another example, the
unmanned aerial vehicle may be recovered in an assisted

manner using a catcher in unmanned aerial vehicle system
206.

[0136] The process moves the group of unmanned aerial
vehicles from the takeofl and landing system into a group of
slots 1n a rack system (operation 1404). Thereafter, the
process downloads sensor data from the group of unmanned
aerial vehicles using data connections while the group of
unmanned aerial vehicles are 1n the group of slots (operation
1406), and refuels the group of unmanned aerial vehicles
using a refueling system while the group of unmanned aerial
vehicles are 1n the group of slots (operation 1408). The
process terminates thereafter.

[0137] In this manner, simultaneous downloading of sen-
sor refueling of the group of unmanned aernial vehicles 1s
enabled. Operation 1406 and operation of 1408 may be
performed substantially the same time even though the
operations are shown as sequential 1n the flowchart. In this
manner, simultaneous downloading of sensor data refueling
of the group of unmanned aerial vehicles 1s enabled.

[0138] Turning next to FIG. 15, an 1llustration of a flow-
chart of a process for processing sensor data 1s depicted 1n
accordance with an illustrative embodiment. The process
1llustrated in this figure may be implemented in agricultural
environment 200 1n FIG. 2. In particular, one or more of the
different operations may be implemented 1n controller 218 1n
unmanned aerial vehicle system 206 in FIG. 2.

[0139] The process begins by i1dentifying an unmanned
aerial vehicle with sensor data for processing (operation
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1500). The process downloads sensor data from the i1denti-
fied unmanned aerial vehicle (operation 1502).

[0140] The process 1dentifies 1mages in the sensor data
(operation 1504). The process 1dentifies features 1n each of
the 1mages (operation 1506) and saves the i1dentification of
the features with the images (operation 1508).

[0141] In operation 1506, the features identified may take
various forms. For example, the process may 1dentity leaves,
identily individual plants, identily spectral bands that may
be used to calculate stress, and other suitable features that
may be used to analyze the agricultural region.

[0142] A determination 1s made as to whether an addi-
tional unmanned aerial vehicle 1s present with sensor data
for processing (operation 1510). If an additional unmanned
aerial vehicles present, the process returns to operation
1500. Otherwise, the process terminates. In this manner,
sensor data may be pre-processed in the unmanned aerial
vehicle system prior to sending the sensor data to a remote
location for further processing or analysis. In this manner,
controller 218 1n FIG. 2 1s configured to process sensor data
received from the unmanned aerial vehicles to form 1mages
with 1dentifications of features 1n an agricultural region.
[0143] With reference next to FIG. 16, an 1llustration of a
flowchart of a process for analyzing sensor data 1s depicted
in accordance with an embodiment. The process 1llustrated
in FIG. 16 may be implemented 1n agricultural environment
200 1n FIG. 2. This process may be implemented in con-
troller 218 1n at least one of unmanned aerial vehicle system
206 or remote computer system 242 1n FIG. 2.

[0144] The process receives sensor data for an agricultural
region (operation 1600). The process analyzes the sensor
data to form an analysis (operation 1602). The analysis 1n
operation 1602 may take various forms. For example, the
analysis may be performed to identily at least one of
irrigation needs, the presence of insect infestations, a level
of growth of crops, a maturity of livestock, a presence of
weeds, or other conditions that may be 1n the agricultural
region.

[0145] The process then i1dentifies an action for the agri-
cultural region based on the analysis (operation 1604). The
process terminates thereafter.

[0146] In operation 1604, the identification of an action
may include generating a prescription. The prescription may
include steps and 1tems needed for actions such as optimum
tertilization, disease control, pest control, and other actions
for the agricultural region. For example, fertilizers, pesti-
cides, herbicides, chemicals, and water are examples of
items that may be used. Further, the prescription also may
identify locations where 1tems should be applied. The action
may be application of an i1tem, adjustments of an 1rrigation
system, or some other suitable action.

[0147] The tflowcharts and block diagrams in the different
depicted embodiments illustrate the architecture, function-
ality, and operation of some possible implementations of
apparatuses and methods in an 1illustrative embodiment. In
this regard, each block 1n the flowcharts or block diagrams
may represent at least one of a module, a segment, a
function, or a portion of an operation or step. For example,
one or more of the blocks may be implemented as program
code, hardware, or a combination of the program code and
hardware. When implemented in hardware, the hardware
may, for example, take the form of integrated circuits that
are manufactured or configured to perform one or more
operations 1n the flowcharts or block diagrams. When imple-
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mented as a combination of program code and hardware, the
implementation may take the form of firmware.

[0148] In some alternative implementations of an illustra-
tive embodiment, the function or functions noted in the
blocks may occur out of the order noted 1n the figures. For
example, 1n some cases, two blocks shown i1n succession
may be performed substantially concurrently, or the blocks
may sometimes be performed 1n the reverse order, depend-
ing upon the functionality involved. Also, other blocks may
be added 1n addition to the illustrated blocks 1n a flowchart
or block diagram.

[0149] Thus, the illustrative examples provided method
and apparatus for managing an agricultural region. For
example, the management of the agricultural region may
include surveying the agricultural region using an unmanned
aerial vehicle system to i1dentify conditions 1n the agricul-
tural region.

[0150] One or more 1illustrative examples provide one or
more technical solutions that overcome a technical problem
with obtaining information about an agricultural region as
elliciently as desired. One technical effect of the one or more
technical solutions 1s an ability to 1dentily actions that may
be needed 1n the agricultural region 1n a timely manner. For
example, time may be of the essence with respect to certain
insect infestations and diseases.

[0151] With the use of the unmanned aerial vehicle system
in the illustrative examples, an autonomous generation of
sensor data occurs 1n a manner that allows for sensor data to
be generated more frequently and more quickly than with
existing sensor data collection systems using aerial vehicles.
Further, another technical effect from one or more the
technical solutions 1s a reduction 1n the cost for a sensor
system to monitor and agricultural region.

[0152] With the unmanned aerial vehicle system in the
illustrative examples, the use of sensor networks installed on
the land 1n the agricultural region may be reduced or
climinated. Further, maintenance needed with these types of
systems also may be reduced or eliminated. This technical
ellect may be especially useful when the agricultural regions
are larger 1n area.

[0153] The description of the different 1llustrative embodi-
ments has been presented for purposes of illustration and
description and 1s not intended to be exhaustive or limited to
the embodiments 1n the form disclosed. The different illus-
trative examples describe components that perform actions
or operations. In an 1illustrative embodiment, a component
may be configured to perform the action or operation
described. For example, the component may have a con-
figuration or design for a structure that provides the com-
ponent an ability to perform the action or operation that 1s
described 1n the 1llustrative examples as being performed by
the component.

[0154] Many modifications and variations will be apparent
to those of ordinary skill in the art. Further, different
illustrative embodiments may provide different features as
compared to other desirable embodiments. The embodiment
or embodiments selected are chosen and described 1n order
to best explain the principles of the embodiments, the
practical application, and to enable others of ordinary skaill
in the art to understand the disclosure for various embodi-
ments with various modifications as are suited to the par-
ticular use contemplated.
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1. An apparatus comprising:

a base vehicle;

a takeofl and landing system associated with the base
vehicle;

a rack system associated with the base vehicle, wherein

the rack system comprises a group of racks with slots

in which the slots are configured to receive unmanned

aerial vehicles, provide refueling connections that

facilitate refueling of the unmanned aerial vehicles

located 1n the slots, and provide data connections that

facilitate data transmission with the unmanned aerial

vehicles located 1n the slots;

refueling system associated with the base wvehicle,

wherein the refueling system 1s configured to refuel an

unmanned aerial vehicle in the unmanned aerial

vehicles located 1n a slot using a refueling connection

in the refueling connections; and

a controller associated with the base vehicle, wherein the
controller 1s configured to commumicate with the
unmanned aerial vehicle using a data connection 1n the
data connections and control the refueling of the
unmanned aerial vehicles by the refueling system while
the unmanned aerial vehicle 1s 1n the slot, enabling
exchanging data with the unmanned aerial vehicle and
the refueling of the unmanned aerial vehicle simulta-
neously.

2. The apparatus of claam 1, wherein the controller

Comprises:

a vehicle manager configured to communicate with the
unmanned aerial vehicles using the data connections
and control the refueling of the unmanned aerial
vehicles while the unmanned aerial vehicles are located
in the slots; and

a sensor data manager 1n communication with the vehicle
manager, wherein the sensor data manager 1s config-
ured to receive and store sensor data from the
unmanned aerial vehicles using the data connections.

3. The apparatus of claam 1, wherein the controller 1s
configured to control a flight of a group of the unmanned
aerial vehicles over an agricultural region such that the
group of the unmanned aerial vehicles generates sensor data
about the agricultural region, download the sensor data from
the group of the unmanned aerial vehicles over a group of
the data connections for a group of the slots in which the
group ol the unmanned aerial vehicles are placed after the
flight of the group of the unmanned aerial vehicles.

4. The apparatus of claam 2, wherein the controller 1s
configured to 1dentity an undesired condition 1n an agricul-
tural region using the sensor data, and identify an action
based on the undesired condition 1n the agricultural region
when the undesired condition 1n the agricultural region 1s
present.

5. The apparatus of claim 4, wherein the action 1s selected
from a group comprising sending an alert, generating a
report, analyzing the undesired condition, identifying a
corrective action to reduce the undesired condition, gener-
ating a prescription to correct the undesired condition, and
sending a command to control an irrigation system 1in the
agricultural region.

6. The apparatus of claim 1, wherein the refueling system
1s selected from at least one of an inductive charging system,
a conductive charging system, or a liquid refueling system.

7. The apparatus of claim 1, wherein the data connections
are wireless data connections.
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8. The apparatus of claim 1, wherein the takeoil and
landing system comprises:

a movement system configured to move the unmanned
aerial vehicle to the takeofl and landing system from
the slot, and to the slot from the takeoil and landing
system.

9. The apparatus of claim 8, wherein the movement
system 1s selected from at least one of a robotic arm or a
conveyor system.

10. The apparatus of claim 1, wherein the takeoil and
landing system 1s selected from at least one of a platiform, a
launcher, or a catcher.

11. The apparatus of claim 1, wherein the controller 1s
configured to process sensor data received Irom the
unmanned aerial vehicles to form i1mages with identifica-
tions of features in an agricultural region.

12. The apparatus of claam 1, wherein the controller
monitors health of the unmanned aerial vehicles and deter-
mines whether maintenance 1s needed for the unmanned
aerial vehicles.

13. The apparatus of claim 1, wherein the rack system
further comprises:

a conveyor system that moves the unmanned aerial
vehicle on the conveyer system between the group of
racks and the takeoil and landing system; and

a robotic arm system that 1s configured to move the
unmanned aerial vehicle between the slot and the
conveyer system, and move the unmanned aerial
vehicle between the conveyer system and the takeoil
and landing system.

14. The apparatus of claim 1, wherein the base vehicle 1s

selected from a group comprising;

a truck, a sport utility vehicle, a trailer, a train, and a
semi-trailer truck.

15. The apparatus of claim 1, wherein the unmanned
aerial vehicles are selected from at least one of an airplane,
a helicopter, an ornithopter, and a quadcopter.

16. An unmanned aerial vehicle system comprising;:

a semi-trailer truck;

a launching and recovery system associated with the
semi-trailer truck, wherein the launching and recovery
system 1s configured to launch and recover unmanned
aerial vehicles;
rack system associated with the semi-trailer truck,
wherein the rack system comprises slots 1n a group of
racks configured to receive the unmanned aerial
vehicles, provide refueling connections that facilitate
refueling of the unmanned aerial vehicles located 1n the
slots, and provide data connections that facilitate data
transmission with the unmanned aerial vehicles located
in the slots;

a refueling system associated with the semi-trailer truck,
wherein the refueling system 1s configured to retuel the
unmanned aerial vehicle in the unmanned aerial
vehicles located 1n the slots using the refueling con-
nections;

a controller associated with the semi-trailer truck, wherein
the controller 1s configured to communicate with the
unmanned aerial vehicles using the data connections
and control the refueling of the unmanned aerial
vehicles by the refueling system while the unmanned
aerial vehicles are 1n the slots, control a flight of a group
of the unmanned aerial vehicles over an agricultural
region such that the group of the unmanned aerial
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vehicles generate sensor data about the agricultural
region; download the sensor data from the group of the
unmanned aerial vehicles over a group of the data
connections for a group of the slots in which the group
of the unmanned aerial vehicles are placed after the
flight of the group of the unmanned aerial vehicles; and

a door system on the semi-trailer truck that are moveable
to facilitate launching and recovery of the unmanned
aerial vehicles.

17. A method for surveying an agricultural region, the

method comprising;:

initiating a flight of a group of unmanned aerial vehicles
from a takeofl and landing system associated with a
base vehicle, wherein the group of the unmanned aerial
vehicles thes over the agricultural region and generate
sensor data about the agricultural region;

recovering the group of the unmanned aerial vehicles after
the flight over the agricultural region 1s completed;

moving the group of unmanned aerial vehicles from the
takeoil and landing system into a group of slots 1n a
rack system;

downloading sensor data from the group of the unmanned
aerial vehicles using data connections while the group
of unmanned aernal vehicles 1s 1n the group of the slots;
and

refueling the group of unmanned aerial vehicles using a
refueling system while the group of unmanned aerial
vehicles 1s 1n the group of the slots, wherein simulta-
neous downloading of sensor data refueling of the
group of unmanned aerial vehicles 1s enabled.

18. The method of claim 17 further comprising;:

identifying an undesired condition in the agricultural
region using the sensor data, and
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1dentifying an action based on the undesired condition in
the agricultural region when the undesired condition 1n
the agricultural region 1s present.

19. The method of claim 18, wherein the action i1s selected
from a group comprising sending an alert, generating a
report, analyzing the undesired condition, identifying a
corrective action to reduce the undesired condition, gener-
ating a prescription to correct the undesired condition, and
sending a command to control an 1rrigation system in the
agricultural region.

20. The method of claim 17, wherein the refueling system
1s selected from at least one of an inductive charging system,
a conductive charging system, or a liquid refueling system.

21. The method of claim 17, wherein the data connections
are wireless data connections.

22. The method of claim 17, wherein the takeoil and
landing system 1s selected from at least one of a platform, a
launcher, or a catcher.

23. The method of claim 17, wherein a movement system
1s configured to move the group of unmanned aerial between
the takeoll and landing system from the group of the slots
and to the group of the slots from the takeoil and landing
system and wherein the movement system 1s selected from
at least one of a robotic arm or a conveyor system.

24. The method of claim 17, wherein the base vehicle 1s
selected from a group comprising a truck, a sport utility
vehicle, a trailer, a train, and a semi-trailer truck.

25. The method of claim 17, wherein the unmanned aerial
vehicles are selected from at least one of an airplane, a
helicopter, an ornithopter, and a quadcopter.
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