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MOBILE STATION FOR AN UNMANNED
VEHICLE

FIELD OF THE INVENTION

This invention relates to a mobile station for an unmanned
vehicle.

BACKGROUND OF THE INVENTION

In developed regions, such as the United States and West-
ern Europe, labor costs for manning agricultural machines is
a significant factor in crop production costs. If unmanned
equipment are sufficiently reliable and require only minimal
maintenance, the contribution of labor costs to total crop
production costs may be reduced by the deployment of
unmanned vehicles that perform crop production tasks with
minimal or no human intervention. Thus, there is a need for a
mobile station that supports the deployment of unmanned
vehicles to perform crop production tasks or other agricul-
tural tasks.

SUMMARY OF THE INVENTION

A mobile station for an unmanned vehicle comprises a
storage area for storing a vehicle during transit or at rest. A
wireless communications device communicates a status or
command between the vehicle and the mobile station during
at least one of vehicular deployment and rest. A station con-
troller manages a management plan of the vehicle comprising
at least one of retooling the vehicle, loading a payload on the
vehicle, and recharging or refueling of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is atop view of one embodiment of a mobile station
with the roof cut away to better reveal the contents of the
mobile station.

FIG. 2 is a block diagram of one embodiment of vehicle
electronics associated with the mobile station of FIG. 1.

FIG. 3 is a block diagram of another embodiment of
vehicle electronics associated with the mobile station of FIG.
1.

FIG. 4 is a block diagram of one embodiment of station
electronics associated with the mobile station of FIG. 1.

FIG. 5 is a top view of another embodiment of a mobile
station with the roof cut away to better reveal the contents of
the mobile station.

FIG. 6 is a block diagram of one embodiment of station
electronics associated with the mobile station of FIG. 7.

FIG. 7 is a flow chart of a method for operating an
unmanned vehicle associated with a mobile station.

FIG. 8 is a flow chart of another method for operating an
unmanned vehicle associated with a mobile station.

FIG. 9, FIG. 10, FIG. 11, FIG. 12 and FIG. 13 are flow
charts of various embodiments of methods for creating a
management plan based on agronomic information.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As used herein, an integral management plan may refer to
an agronomic management plan, a general management plan,
or both. The general management plan of the vehicle com-
prises at least one of retooling the vehicle, loading a payload
on the vehicle, and recharging or refueling of the vehicle
within any field of application (e.g., agriculture, construction,
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2

forestry, or military applications. The agronomic manage-
ment plan relates to applying agronomic or agricultural data
or the interpretation or processing of such data to soil or crops.
The agronomic management plan may involve a determina-
tion of a crop input, seed, or other agronomic input associated
with planting, growing, harvesting, or otherwise management
a crop or a precursor thereto. The agronomic management
plan may comprise a component of the integral management
plan.

In accordance with the embodiment of FIG. 1, the mobile
station 11 houses a vehicle 90, a recharging system 401, a
loading system 402, a revolving storage device 421, a retool-
ing system 403, and station electronics 10. The station elec-
tronics 10 may communicate with the recharging system 401,
the loading system 402, and the retooling system 403. The
retooling system 403 is coupled to a revolving storage device
421.

The vehicle 90 may comprise an unmanned vehicle,
autonomous mobile equipment (AME), or intelligent mobile
equipment (IME). The vehicle 90 comprises vehicle electron-
ics 50. In one embodiment, the vehicle 90 is secured to an
interior, frame or structural component of the mobile station
11 during transit of the mobile station 11.

The revolving storage device 421 may store one or more
transportable modules 75. A transportable module 75 com-
prises a payload, a payload associated with a container, a crop
input, a crop input associated with a container, a tool, or an
implement. The implement may comprise any agricultural
implement, construction implement, turf care implement, a
scientific measurement device, or any military implement.
For example, the scientific measurement device may com-
prise a soil conductivity mapping system, another agricultural
testing device, radiation sensor (e.g., a Geiger counter), a
biological testing device (e.g., biological contamination or
weapon detector), and a soil tester for bio-hazards or toxins.
A soil conductivity mapping system includes a transmitter
that transmits an electromagnetic signal into soil via a trans-
mitting probe and a receiver with a receiving probe spaced
apart from the transmitting probe to receive the transmitted
electromagnetic signal and measure soil conductivity. The
soil conductivity mapping system may produce a map of
spatial variability of soil conductivity, provided that each
measurement is indexed or referenced to a location of the
probes via a location-determining receiver (e.g., a Global
Positioning System receiver). The loading system 402 may be
empty or may store one or more payloads 406. The station
electronics 10 facilitates management of the vehicle 90, a
payload 406 (if any), and one or more transportable modules
75 (e.g., implements).

The mobile station 11 may be configured such that its
exterior size and shape (and other specifications) conform
generally to those of a shipping container (e.g., an intermodal
shipping container) to facilitate transportation of the mobile
station 11 from one destination (e.g., field) to another via
truck, ship, plane, barge, train, or other means of transporta-
tion. The mobile station 11 may have walls, support members,
or other design features that comply with structural specifi-
cations or applicable standards for shipping containers. The
mobile station 11 and its vehicle 90 may be deployed for one
or more tasks for a given geographic area (e.g., field) such as
tilling, planting, seeding, spraying, cultivating, harvesting, or
other agricultural tasks. In one illustrative mode of deploy-
ment, if the vehicle 90 is equipped with a combine or har-
vester as a transportable module 75, the mobile station 11 and
vehicle 90 are first transported to a field in the southern U.S.
at a southern harvest time and moved northward to fields with
later (i.e., more northerly) harvest times. In another illustra-
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tive mode of deployment, the mobile station 11 and its vehicle
90 may be stationed in regions with political instability, war,
problematic security, land disputes, where risk to the personal
safety of a farmer, worker or military personnel may be miti-
gated or reduced by the use of unmanned equipment.

In general, the mobile station 11 comprises one or more of
the following areas: (a) a vehicular storage area (e.g., storage
bay), (b) a payload loading area, (c) a retooling area and (d) a
refueling/recharging area. However, any two or more of the
areas may overlap fully or partially. For instance, the payload
loading area and the retooling area may overlap or be coex-
tensive spatially.

The vehicular storage area has an adequate spatial area to
store one or more vehicles during transit. The floor, walls, or
both of the station 11 may have hooks or other fasteners for
securing tie-downs, chains, rope, cable or other retention
devices to retain the vehicle 90 during transit or shipment of
the mobile station 11.

The payload loading area of the mobile station 11 is asso-
ciated with a loading system 402. The loading system 402
includes a storage area for storing payload 406 (e.g., in bulk)
in a fixed container or in a transportable module 75 (e.g., a
transportable container). The storage area or transportable
container stores a payload for disbursement in a designated
field in accordance with management plan (e.g., an agricul-
tural management plan). The payload can be transferred to the
vehicle by loading an integral vehicular container of the
vehicle 90 with the payload (e.g., from a fixed container at the
station 11), or by coupling a transportable module 75 (e.g., a
modular container which is at least partially filled with a
payload) to the vehicle 90.

The loading system 402 may comprise any of the follow-
ing: a pneumatic loading system, an auger loading system, a
belt loading system, a gravity-fed loading system, or other
mechanical conveyer for loading a payload 406 from the
storage area to a vehicle 90 or transportable module 75 asso-
ciated with the vehicle 90. For example, in a gravity fed
loading system, a fixed container containing seed, a crop
input or other payload may be elevated above a vehicular
container of the vehicle 90 or its implement (e.g., transport-
able module 75) to fill the vehicular container with the pay-
load. The fixed container may be associated with an outlet407
(e.g., chute) with a pneumatically, hydraulically, electrome-
chanically, or mechanically operated flow regulator.

The mobile station 11 along with the vehicle 90 may be
used to deliver a payload 406 to a destination or distribute a
payload 406 within a field or other work area. The payload
406 may include seed, fertilizer, herbicides, fungicides, miti-
cides, pesticides, water, nutrients, trace minerals, nitrogen,
potassium, phosphorus, chemicals, or other crop inputs. Fur-
ther, for military operations, the payload may comprise food,
military supplies, munitions, or weapons.

In an alternative embodiment, payload may comprise the
harvested crop from a field. The vehicle 90 may cooperate
with the mobile station 11 to harvest the crop. In one configu-
ration the vehicle 90 might transfer harvested grain from the
vehicle 90 to one or more harvested crop containers for pick-
up and transport. It should be noted that harvested material
may be transferred from the vehicle 90 to the container by an
implement that comprises one or more of the following: a
combine, a harvester, a picker, a pneumatic conveyer, a con-
veyer belt, an auger, a grain cart, or the like. The harvested
crop containers may be collapsible or foldable containers that
are assembled within the mobile station 11, or any other
containers (e.g., intermodal shipping containers for grain)
that are delivered to the field.

40
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The retooling area of the mobile station 11 contains a
resting place for one or more transportable modules 75, such
as implements or tools. The retooling area may also serve as
a resting place for a transportable container as a transportable
module 75 that comprises an implement and a payload (e.g.,
crop input). The transportable modules 75 may be coupled or
decoupled to the vehicle 90 to accomplish different tasks or to
fulfill different management plans.

In one configuration, the transportable modules 75 are
stored in an automated retooling system 403 (e.g., a turnstile
or lazy susan) for delivering or presenting a transportable
module 75 to the vehicle 90 or removing the transportable
module 75 from the vehicle. The automated retooling system
403 supports retooling of the vehicle 90 or switching from
one implement or tool to another consistent with the tasks to
be performed. The implement or tool may be adapted for
tilling, planting, cultivating, spraying, harvesting, distribut-
ing crop inputs, mowing, irrigating or performing other agro-
nomic tasks. The implement may comprise a plow, a planter,
a harrow, a cultivator, a spreader, a harvester, a mower, an
irrigation unit, a picker, a combine, a corn detassler, a land
mine sweeper, a chopper, a scraper, a grader, a dozer blade, a
bucket, a lift or forklift attachment, an agricultural imple-
ment, a turf care implement, a construction implement, a
mine sweeping implement, a military implement, or the like.

Although the automated retooling system 403 in FIG. 1
comprises a revolving storage device 421 or rotatable dis-
penser with storage compartments, any other configuration of
automated retooling system 403 may be used. For example, a
non-rotating storage assembly for an automated retooling
system might have movable shelves that are shifted vertically
or horizontally to align a particular shelf with a coupling unit
of the vehicle, a forklift type mechanism that brings items
from any particular stationary shelf to a coupling unit of a
vehicle, a winch, crane, or hoist mechanism for raising or
lowering transportable modules 75 that are stored in a sus-
pended state from a ceiling or other support of the mobile
station, or another arrangement. If a revolving storage scheme
is used, the revolving storage assembly may rotate about an
axis that is generally perpendicular to the ground, parallel to
the ground, or oriented in other ways.

As shown in FIG. 1, the revolving storage device comprises
a first storage compartment, a second storage compartment, a
third storage compartment, and fourth storage compartment;
and rotates about an axis that is generally perpendicular to the
ground. Each storage compartment may store a different
transportable module 75. For example, the first storage com-
partment may be associated with a first transportable module
76; the second storage compartment may be associated with a
second transportable module 77; the third storage compart-
ment may be associated with a third transportable module 78,
and the fourth storage compartment may be associated with a
fourth transportable module 79. As illustrated in FIG. 1, the
retooling system 403 features a revolving storage device 421
(e.g., lazy susan) that can rotate transportable modules 75 to
alocation immediately in front, behind, or otherwise adjacent
to the vehicle 90 to attach the transportable module 75 to a
corresponding receiving point on the vehicle 90. If any of the
storage compartments contain a transportable module 75 that
includes a vehicular container at least partially filled with a
payload, the retooling area (and automated retooling system
403) may subsume the functions of the payload loading area
(and the loading system 402).

Each vehicle 90 includes a first coupling unit 82 and each
transportable module 75 comprises a second coupling unit 81.
The first coupling unit 82 and the second coupling unit 81 are
capable of engaging one another to form a mechanical con-
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nection. The first coupling unit 82 and the second coupling
unit 81 are collectively referred to as the coupler 80. The first
coupling unit 82 and the second coupling unit 82 may be
engaged or disengaged mechanically, electrically, hydrauli-
cally, electromechanically (e.g., by a solenoid controlled
latch), or pneumatically, for example.

In one example, the transportable module 75 (e.g., imple-
ment or tool) may be attached or secured to the vehicle 90 by
a coupler, wherein a first coupling unit 82 resides on the
vehicle 90 and a second coupling unit 81 is mounted on the
implement or tool. In general, the relative locations of the
vehicle 90 and the transportable module 75 (or the relative
locations between the coupling units 82 and 81) are estab-
lished by optical, ultrasonic, or other sensors (e.g., the optical
positioning system 412 of FIG. 3). The vehicle 90, the trans-
portable module 75, or both are moved relative to one another
in a way that brings together and engages the first coupling
unit 82 to the second coupling unit 81 of the coupler 80. When
aparticular transportable module 75 that is operably attached
to the vehicle is no longer needed (e.g., because a task is
complete or aborted), the vehicle 90 re-enters the mobile
station 11; the vehicle 90 sends a message to the station
electronics 10 or the retooling system 403 to present the
vehicle 90 with an empty location (e.g., associated with the
revolving storage device 421) for the transportable module
75; the relative locations of the empty storage space are deter-
mined; the transportable module 75 is moved to the empty
location; and the first coupling portion 82 is disengaged from
the second coupling portion 81. The vehicle may then coor-
dinate the retooling system 403 or station electronics to
receiver another transportable module 75, or otherwise.

The recharging/refueling area of the mobile station 11
supports the transfer of electrical energy or chemical energy
of' a combustible fuel to a vehicle. The recharging/refueling
area may differ depending on whether the vehicle is propelled
by an internal combustion engine, an electric motor, or both.
If the vehicle 90 is propelled by an internal combustion
engine or a hybrid, the mobile station 11 supports refueling of
the vehicle 90 with a combustible fuel (e.g., gas, diesel,
hydrogen or propane). A hybrid refers to the combination of
an internal combustion engine and an electric drive for
vehicular propulsion, for instance. If the vehicle 90 is pro-
pelled by an electric motor, the mobile station 11 supports
recharging or fully charging of an electrical energy storage
device (e.g., a battery or batteries) associated with the vehicle
90.

The details of the repowering area will depend on the
power source(s) used by the vehicle 90 associated with a
particular mobile station 11. If both the vehicle 90 and mobile
station 11 are electrically powered, then a recharging system
401 (e.g., a docking station) comprises station electrical con-
tacts 404 (or electrodes) to form an electrical connection
between the vehicular contacts of the vehicle 90 and the
recharging system 401. Although vehicular electrical con-
tacts can be configured in a myriad of ways, in one configu-
ration the electrical contacts are associated with or integrated
into a recharging port 405. The vehicular contacts are con-
nected or coupled to an electrical storage device on the
vehicle 90, and an electrical circuit is formed between the
recharging system 401 and the electrical storage device dur-
ing the recharging process.

To initiate the recharging process for an electrically driven
vehicle, the vehicle 90 would enter the mobile station 11 to
conduct the recharging in a secure, controlled environment.
The vehicular electrical contacts or recharging port 405 on the
vehicle 90 are identified. The vehicle 90 moves the recharging
port 405 or vehicular contacts into relative position with
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respect to the station electrical contacts 404 to establish an
appropriate electrical connection for recharging of an electri-
cal storage device (e.g., batteries) on board the vehicle 90. In
one configuration, after the recharging is completed, the elec-
trical contacts would be retracted and the vehicular recharg-
ing port 405 of the vehicle 90 would be resealed to protect
against the elements. Ventilation may need to be provided
during repowering so that explosive vapors do not accumulate
inside the mobile station 11.

In one embodiment, optical transmitters (e.g., infra-red or
near infra-red laser sources) associated with the electrical
contacts 404 and optical detectors (e.g., infra-red or near
infra-red photo-detectors) associated with the recharging port
405, or vice versa, may be used to detect alignment between
the recharging port 405 and the electrical contacts 404. The
optical detectors may provide an alignment indicator signal to
a controller. For example, the optical transmitters transmit a
signal and alignment is achieved when one or more optical
detectors receive a maximum amplitude or peak amplitude of
the transmitted signal. In one configuration, a controller con-
trols one or more actuators (e.g., electric motors, solenoids, or
stepper motors) associated with the vehicle propulsion sys-
tem of the vehicle or a robotic arm of the recharging system
401 to first sweep a broad path (e.g., in one, two or three
spatial dimensions) in an acquisition mode for one or more
detectors to acquire the transmitted signal. After the acquisi-
tion mode, the controller aligns the recharging port 405 and
electrical contacts 404 over a limited range of motion (nar-
rower than the broad path) in one, two or three dimensions
based on the detection of the transmitted signal. The control-
ler activates one or more actuators to align the electrical
contacts 404 and the recharging port 405 to form an electrical
connection. In one embodiment, the recharging system 401
may check polarity of the electrical connection prior to form-
ing an electrical circuit (e.g., activating a switch) between the
recharging system 401 and energy storage device of the
vehicle to charge the energy storage device (e.g., batteries) of
the vehicle via the recharging system 401. The controller may
disable the electrical circuit and/or disengage the recharging
port 405 and the electrical contacts 401 upon reaching of a
time limit, a maximum charge, target charge, or a target
state-of-charge of the energy storage device. The state-of-
charge of a battery is an indication of the electrical energy
stored in a battery at a given time. The state of charge may be
expressed as a percentage of the maximum battery capacity.
The state of charge may be estimated based on the present
open circuit voltage of a battery, the present internal resis-
tance of the battery, and the rated capacity of the battery.

With respect to refueling a vehicle propelled by an internal
combustion engine, an automated fuel delivery system (not
shown) for liquid fuel would align the fuel receptacle of the
vehicle with a fuel nozzle or fuel dispenser of the fuel delivery
system. Optical transmitters (e.g., infra-red or near infra-red
laser sources) associated with the fuel nozzle and optical
detectors (e.g., infra-red or near infra-red photo-detectors) on
the fuel receptacle, or vice versa may be used to detect align-
ment between the fuel receptacle and nozzle and to provide an
alignment indicator signal to a controller. For example, the
optical transmitters transmit a signal and alignment is
achieved when one or more detectors receive a maximum
amplitude or peak amplitude of the transmitted signal. A
controller controls one or more actuators (e.g., electric
motors, solenoids, or stepper motors) to first sweep a broad
path in (e.g., in one, two or three spatial dimensions) of the
fuel nozzle in an acquisition mode to acquire the transmitted
signal by one or more detectors. After the acquisition mode,
the controller aligns the fuel receptacle and nozzle over a
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limited range of motion (narrower than the broad path) in two
or three dimensions based on the detection of the transmitted
signal. The controller activates one or more actuators to align
the fuel nozzle to form a secure connection with seals (e.g.,
magnetic seals, mechanical seals) or connectors (e.g.,
threaded connections or quick-release connectors) prior to
activating a pump to put a metered amount of fluid into a tank
of the vehicle 90. The pump would be deactivated and the
connection between the fuel receptacle and the dispenser
disengaged upon reaching of a maximum amount of fuel, in a
gauge associated with the vehicle 90 tank, the station tank, or
a pressure sensor (e.g., hydraulic back-pressure associated
with the dispenser). Fluid fuels may comprise gasoline, die-
sel, ethanol, propane, liquid propane gas or other combustible
fuels.

In an alternative embodiment, automated fluid refueling
methods could be adapted for gaseous fuels such as hydrogen
and methane by adding additional sensor to detect leaks of
gaseous fuel in the vicinity of the vehicle 90 or refueling
connection. If the vehicle 90 and mobile station 11 are both
electrically powered, it may not be necessary for a human to
visit the mobile station 11 during the course of the work
season to bring any liquid or gaseous fuel. However, if a fluid
or gaseous fuel is used, the amount of fuel stored in the mobile
station 11 could be monitored and reported to a remote loca-
tion wireless, wireline, telematics, a communications net-
work (e.g., communications network 24 of FIG. 4), or another
communications link in order to generate a work order to
bring more fuel to the mobile station 11.

The mobile station 11 may be deployed in at least two
modes. A first mode equips the mobile station 11 to handle
tasks for substantially an entire growing season. For instance,
for the first mode the mobile station 11 may include a collec-
tion of different transportable modules 75 and payloads (e.g.,
crop inputs) to complete a group of the following agricultural
tasks: tilling, planting, cultivating, spraying, harvesting, and
combining. Under the first mode, at the end of the work
season (applicable to construction and turf equipment as
well), the mobile station 11 and vehicles 90 would be picked
up by a truck for end of season maintenance. Optionally, they
could then be sent to the opposite hemisphere for use in its
growing season by truck, rail, and sea. This efficient transport
is facilitated by using a structure the same size and durability
of a containerized freight container.

In contrast, a second mode equips the mobile station 11 to
handle specialized tasks or tasks for only a portion of the
growing season. For instance, for the second mode, the
mobile station 11 may include one of the following transport-
able modules 75 and any corresponding requisite payload:
tilling, planting, spraying, scouting, cultivating, harvesting,
and combining.

In FIG. 2, the vehicle electronics 50 comprise a plan man-
ager 52 that communicates with one or more of the following:
a first wireless communications device 66, a vehicular status
monitor 56, a vehicle guidance module, and an ancillary
controller 426. The vehicular guidance system 64 communi-
cates with a vehicle controller 54. In turn, the vehicle control-
ler 54 is coupled to a steering system 420, a propulsion system
422, and a braking system 424 via a databus 418 or another
physical or logical data connection.

The vehicle status monitor 56 may be coupled to a payload
sensor 58, an energy level sensor 60, and an implement con-
nection sensor 62. The payload sensor 58 determines a level
of the payload on the vehicle 90 at any given time. The
payload sensor 58 may indicate when the payload on the
vehicle is low, empty or full, for example. Similarly, the
energy level sensor 60 indicates a fuel level of fuel for a
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vehicle with internal combustion engine or the charge level or
state of charge for an electrical storage device (e.g., batteries)
on the vehicle for an electrically propelled vehicle. The
implement connection sensor 52 may determine whether an
implement is coupled to the vehicle 90 or what implement
(e.g., the implement identifier or transportable module iden-
tifier) or an implement that is coupled to the vehicle 90.

The vehicle guidance system 64 may comprise a location-
determining receiver 410, an optical positioning system 412,
and a guidance data processing module 414. In one embodi-
ment, the location-determining receiver may comprise a Glo-
bal Positioning System receiver with differential correction.
The optical positioning system 412 may comprise an optical
orlaser range finder that can determine the distance or relative
position (e.g., in two or three dimensions) between a refer-
ence point on the vehicle and an object. The location-deter-
mining receiver 410 may be useful for global navigation and
outdoor navigation outside of the mobile station 11. However,
the optical positioning system 412 may be used within the
interior of the mobile station 11 for appropriate positioning
with respect to the vehicular storage area, the payload loading
area, the retooling area, and the refueling/recharging area.
The guidance data processing module 414 may comprise an
obstacle detection module 416 and a general processing mod-
ule for guiding a vehicle in accordance with a path plan, to
avoid obstacles, and to apply data from the location-deter-
mining receiver 410 and the optical positioning system 412 in
a coordinated and appropriate manner based on the environ-
ment of the vehicle 90.

In an alternative embodiment, the vehicle guidance system
64 may comprise a location-determining receiver (e.g., a
Global Positioning System receiver with differential correc-
tion), a dead-reckoning system, an odometer, an accelerom-
eter, an accelerometer with an integrator, or another position-
determining device for determining the location (e.g.,
coordinates) of the vehicle 90.

The first wireless communications device 66 of the vehicle
electronics 50 is capable of communicating with the second
wireless communications device 20 of the station electronics
10. For instance, the second wireless communications device
20 of the station electronics 10 may transmit one or more of
the following to the first wireless communications device 66:
amanagement task, an implement plan 28 (FI1G. 4), a payload
plan 30 (FIG. 4), a recharging/refueling plan 32 (FIG. 4), a
management plan, a path plan 34 (FIG. 4).

The plan manager 52 interprets and executes a manage-
ment task, a management plan, an implement plan 28, pay-
load plan 30, or a recharging/refueling plan 32 transmitted to
the vehicle 90 electronics 50 via the first wireless communi-
cations device 66. Further, the plan manager 52 manages
coupling and decoupling of at least one implement to the
vehicle to perform a particular task consistent with a manage-
ment plan (e.g., agricultural management plan). The vehicle
controller 54 controls the navigation and