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AIRPORT TUGS, SYSTEMS, AND METHODS
OF OPERATION THEREOF

RELATED APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. §119(e) to U.S. Provisional Pat. Application No.
63/274,220, filed on Nov. 1, 2021, which is incorporated
herein by reference in its entirety.

BACKGROUND INFORMATION

[0002] Airport tugs are ground vehicles used to push or
pull an airplane on a tarmac. Conventional tugs are operated
by a human driver, are powered by an internal combustion
engine, and are typically used to move an airplane away
from an airport terminal. After the aircraft has been pushed
away from the terminal, the aircraft uses its jet engines to
taxi to a runway for takeoft. However, these conventional
tugs must be driven by an onboard human driver, produce
undesirable emissions and noise, and are only meant to
move the aircraft relatively short distances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The accompanying drawings illustrate various
embodiments and are a part of the specification. The illu-
strated embodiments are merely examples and do not limit
the scope of the disclosure. Throughout the drawings, iden-
tical or similar reference numbers designate identical or
similar elements.

[0004] FIG. 1 illustrates an exemplary airport tug manage-
ment system according to principles described herein.
[0005] FIGS. 2-3 illustrate exemplary implementations of
the airport tug management system of FIG. 1 according to
principles described herein.

[0006] FIGS. 4-5 illustrate exemplary flow diagrams
depicting various operations that may be performed accord-
ing to principles described herein.

[0007] FIG. 6 illustrates an exemplary view of an airport
facility according to principles described herein.

[0008] FIGS. 7-8 illustrate additional exemplary flow dia-
grams depicting various operations that may be performed
according to principles described herein.

[0009] FIG. 9 illustrates an exemplary method of opera-
tion of an airport tug according to principles described
herein.

[0010] FIG. 10 illustrates an exemplary computing device
according to principles described herein.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0011] Airport tugs, systems, and methods of operation
thereof are described herein. In certain examples, an airport
tug such as described herein may be configured to navigate
an airport facility autonomously. In certain examples, for
instance, an exemplary airport tug may comprise a coupling
portion configured to engage with a receiving portion of an
aircraft, one or more sensors configured to collect sensor
data descriptive of environmental conditions in a vicinity
of the airport tug, a memory storing instructions, and one
or more processors communicatively coupled to the mem-
ory and configured to execute the instructions to perform a
process. The process may comprise monitoring, based on
the sensor data, the environmental conditions in the vicinity
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of the airport tug and directing, based on the monitoring of
the environmental conditions and while the coupling portion
is engaged to the receiving portion, autonomous movement
of the airport tug to transport the aircraft from a starting
position to a designated delivery position for the aircraft at
the airport facility.

[0012] A form factor of airport tugs such as those
described herein may be similar to the form factor of con-
ventional airport tugs used at airports. However, airport tugs
such as those described herein may differ from conventional
airport tugs in one or more ways. For example, as will be
described further herein, airport tugs such as those described
herein may be electrically powered, may have one or more
sensors or sensor arrays for collecting sensor data about
environmental conditions, may be configured to autono-
mously navigate an airport environment, and/or may be con-
figured to optionally switch to remote control operation in
certain situations to navigate the airport environment as
directed by a remote operator (e.g., that is located within a
cockpit of an aircraft, within a control tower, on the tarmac,
or any other suitable location). Other differences between
the airport tugs described herein and conventional airport
tugs will be evident from the description that follows.
[0013] Various advantages and benefits are associated
with the airport tugs, systems, and methods described
herein. Such benefits may be provided to airlines, airports,
airport workers, travelers, those who live near airports, and
to the public generally. For example, airliner emissions may
be significantly reduced, on the order of 10% or more per
flight in some implementations, by eliminating the need to
use the aircraft’s jet engines during pre-take-off operations
and/or post-landing operations, especially taxiing. In addi-
tion, in examples where airport tugs such as those described
herein operate by way of electric power, the airport tugs may
leverage the use of renewable energy to power the moving
of aircraft around airport tarmacs. Electricity is also signifi-
cantly less expensive than jet fuel, thus reducing costs. Jet
engines are also noted for the high levels of noise they pro-
duce, and so by reducing the amount of time the engines are
running, noise at and around airport facilities may be mean-
ingfully reduced. These and other benefits that may be pro-
vided by the airport tugs, systems, and methods described
herein will be evident from the disclosure that follows.
[0014] FIG. 1 illustrates an exemplary airport tug manage-
ment system 100 (“system 100”) that may be implemented
according to principles described herein. As shown, system
100 may include, without limitation, a memory 102 and a
processor 104 selectively and communicatively coupled to
one another. Memory 102 and processor 104 may each
include or be implemented by hardware and/or software
components (e.g., Processors, memories, communication
interfaces, instructions stored in memory for execution by
the processors, etc.). In some examples, memory 102 and/
or processor 104 may be implemented by any suitable com-
puting device. In other examples, memory 102 and/or pro-
cessor 104 may be distributed between multiple devices
and/or multiple locations as may serve a particular imple-
mentation. [llustrative implementations of system 100 are
described herein.

[0015] Memory 102 may maintain (e.g., store) executable
data used by processor 104 to perform any of the operations
described herein. For example, memory 102 may store
instructions 106 that may be executed by processor 104 to
perform any of the operations described herein. Instructions
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106 may be implemented by any suitable application, soft-
ware, code, and/or other executable data instance.

[0016] Memory 102 may also maintain any data received,
generated, managed, used, and/or transmitted by processor
104. Memory 102 may store any other suitable data as may
serve a particular implementation. For example, memory
102 may store data associated with airport facilities (e.g.,
terminal/runway maps), aircraft information, sensor data,
airport navigation rulesets/algorithms, air traffic control
information (e.g., vector information of entities (e.g., air-
craft, airport personnel, airport tugs, transport vehicles,
etc.) at or within a vicinity of an airport facility), and/or
any other suitable data.

[0017] Processor 104 may be configured to perform (e.g.,
execute instructions 106 stored in memory 102 to perform)
various processing operations associated with an airport tug
autonomously navigating an airport facility. For example,
processor 104 may perform one or more operations
described herein to monitor environmental conditions
within a vicinity of an airport tug and autonomously or auto-
matically adjust movement of the airport tug based on the
environmental conditions. As used herein, the expressions
“autonomously” or “automatically” mean that an operation
(e.g., an operation of autonomously transporting an aircraft)
or series of operations are performed without requiring
further input from a user. For example, system 100 may
autonomously plot a route for an airport tug to follow at an
airport facility and direct the airport tug to autonomously
navigate along the route without requiring input from a
user. These and other operations that may be performed by
processor 104 are described herein.

[0018] System 100 may be implemented in any suitable
manner. FIG. 2 shows an exemplary implementation 200
in which system 100 may be provided in certain examples.
As shown in FIG. 2, implementation 200 includes an airport
tug 202 that is configured to engage with an aircraft 204 to
facilitate transport of an aircraft 204 at an airport facility
206. System 100 may be implemented entirely by airport
tug 202. Alternatively, system 100 may be distributed across
airport tug 202 and aircraft 204, or distributed across airport
tug 202, aircraft 204, and/or any other suitable computer
system/device.

[0019] Aircraft 204 may correspond to any suitable type
of aircraft that may be transported by airport tug 202. For
example, aircraft 204 may correspond to any type of air-
plane (e.g., a commercial jet, a private jet, a military jet,
etc.), helicopter, drone, or vertical take-off and landing
(VTOL) aircraft.

[0020] As shown in FIG. 2, airport tug 202 includes, but is
not limited to, a memory 208 that stores instructions 210, a
processor 212, a communication interface 214, a plurality of
sensors 216 (e.g., sensors 216-1 through 216-N) and a cou-
pling portion 218.

[0021] Memory 208 may maintain (e.g., store) executable
data used by processor 212 to perform any of the operations
described herein. For example, memory 208 may store
instructions 210 that may be executed by processor 212 to
perform any of the operations described herein. Instructions
210 may be implemented by any suitable application, soft-
ware, code, and/or other executable data instance.

[0022] Memory 208 may also maintain any data received,
generated, managed, used, and/or transmitted by processor
212. Memory 208 may store any other suitable data as may
serve a particular implementation. For example, memory

May 4, 2023

208 may store data similar to that stored by memory 102
described above.

[0023] Processor 212 may be configured to perform (e.g.,
execute instructions 210 stored in memory 208 to perform)
various processing operations associated with airport tug
202 autonomously navigating airport facility 206. For
example, processor 212 may perform one or more opera-
tions described herein to autonomously engage with and/or
transport aircraft 204 at airport facility 206. These and other
operations that may be performed by processor 104 are
described herein.

[0024] Communication interface 214 may implement any
suitable wireless or wired communication technology to
communicate with other airport tugs, aircraft 204, an air
traffic control system, and/or any other suitable entity at air-
port facility 206. For example, by way of communication
interface 214, airport tug 202 may receive information
from an air traffic control system regarding transport
instructions and/or traffic conditions at airport facility
including, for example, vectors of other airport tugs, vectors
of other airport vehicles, vectors of aircraft, etc. at airport
facility 206. In certain examples, communication interface
214 may be configured to wirelessly communicate with a
remote control device operated by a remote operator and
configured to remotely control airport tug in instances such
as described herein where airport tug 202 is not operating
autonomously.

[0025] Sensors 216 may be configured to collect sensor
data descriptive of environmental conditions in a vicinity
of airport tug 202. Sensors 216 may include any suitable
number and/or type of sensor that may be used to facilitate
navigation of airport tug 202 at airport facility 206. For
example, sensors 216 may include, but are not limited to,
light detection and ranging (LiDAR) sensors (e.g., rotating
and/or solid state LiDAR sensors), ultrasonic sensors, radar
sensors (e.g., using short range radar and/or long range
radar), cameras (e.g., mono and/or stereo cameras), GPS
sensors, and/or any other suitable type of sensor. Sensors
216 may be configured in any suitable manner to facilitate
airport tug 202 identifying and using landmarks and features
common to airport facility 206, such as the edges of run-
ways or pavement, tarmac markers, lights, posts, etc. to
facilitate airport tug 202 autonomously navigating airport
facility 206.

[0026] Coupling portion 218 may include any suitable
mechanism that may be configured to engage with aircraft
204 to facilitate airport tug 202 pushing or pulling aircraft
204 at airport facility 206. To that end, aircraft 204 includes
a receiving portion 220 that is configured to engage in any
suitable manner with coupling portion 218 of airport tug
202. For example, in certain implementations, receiving
portion 220 may correspond to the front landing gear of air-
craft 204. In such an example, coupling portion 218 may be
configured to attach in any suitable manner to the front land-
ing gear to push/pull aircraft 204 at airport facility 206.
[0027] Airport tug 202 may have any suitable form factor
and may include any suitable additional or alternative com-
ponents as may serve a particular implementation. For
example, airport tug 202 may include a plurality of wheels
(e.g., four wheels) and may include one or more actuators
configured to control movement functions (e.g., braking,
acceleration, steering, etc.) of airport tug 202. In certain
implementations, airport tug 202 may be electrically pow-
ered. In such examples, airport tug 202 may have one or
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more electric motors and batteries configured to provide
power to the electric motors. In addition, airport tug 202
may include a computer screen for manual interfacing and
charging interface equipment (such as a plug-in charging
port and/or inductive charging equipment). In some imple-
mentations, airport tug 202 may include manual control
interfaces (e.g., a steering wheel, a brake pedal, an accelera-
tion petal, etc.) to facilitate a human rider controlling airport
tug 202 in instances where airport tug 202 is not operating
autonomously or by way of a remote control device.

[0028] In some implementations, airport tug 202 may be
configured to provide auxiliary electric power to other
devices and/or vehicles that may need power at airport facil-
ity 304. For example, airport tug 202 may be configured to
provide auxiliary power to aircraft 204 on the tarmac via an
umbilical that extends from airport tug 202 to aircraft 204.
Additionally or alternatively, airport tug 202 may be config-
ured to provide auxiliary power to maintenance crews,
emergency response crews, baggage vehicles, and/or any
other suitable entity.

[0029] Airport tug 202 may be configured for autonomous
navigation in a relatively controlled and/or predictable
environment such as airport facility 206. Airport facility
206 may correspond to any suitable location where it may
be desirable to transport aircraft 204 by way of airport tug
202. For example, airport facility 206 may correspond to a
commercial service airport, a regional airport, a cargo ser-
vice airport, a military service airport, a VIOL aircraft facil-
ity (e.g., that is specifically configured for manned VTOL
drones/aircraft), or any other suitable type of airport facility.
[0030] To facilitate autonomous operation of airport tug
202, system 100 (e.g., processor 104 or processor 212 of
airport tug 202) may be configured to monitor, based on
sensor data collected by sensors 216, environmental condi-
tions in a vicinity of airport tug 202. As used herein, “envir-
onmental conditions” may refer to any condition in a vici-
nity of airport tug 202 that may facilitate or otherwise affect
autonomous navigation of airport tug 202 at the airport
facility. For example, environmental conditions may refer
to tarmac conditions, a proximity of airport tug to one or
more other objects (e.g., other airport tugs, other aircraft,
vehicles, airport personnel, etc.), markers on tarmac, lights,
weather conditions, and/or any other suitable condition.
[0031] Based on the environmental conditions, system
100 may direct autonomous movement of airport tug 202
at the airport facility in any suitable manner. For example,
while coupling portion 218 of airport tug 202 is engaged
with receiving portion 220 of aircraft 204, system 100 may
direct autonomous movement of airport tug 202 to transport
aircraft 204 from a starting position to a designated delivery
position for aircraft 204 at the airport facility.

[0032] The starting position may correspond to any suita-
ble position at airport facility 206 where it may be desirable
to have coupling portion 218 of airport tug 202 engage with
receiving portion 220 of aircraft 204. For example, the start-
ing position may correspond to a docked position of aircraft
204 at a gate of airport facility 206. In such examples, the
starting position may be a location where aircraft 204 con-
nects to a jetway at a terminal of airport facility 206. In
certain alternative examples, the starting position may cor-
respond to an end of a runway after aircraft 204 lands at
airport facility 206.

[0033] The designated delivery position may correspond
to any suitable position at airport facility 206 where it may
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be desirable to deliver aircraft 204. For example, the desig-
nated delivery position may correspond to a designated
departure position on a runway where aircraft 204 is cleared
to begin accelerating for takeoff. In certain alternative
examples, the designated delivery position may correspond
to a specific terminal or gate at airport facility 206 where
passengers disembark, a maintenance area at airport facility
304, or any other suitable position. In such examples, airport
tug 202 may push or pull aircraft 204 to the designated
delivery position instead of the jet engines of aircraft 204
being used to taxi aircraft 204, thereby reducing fuel con-
sumption and noise at airport facility 206.

[0034] System 100 may direct the autonomous movement
of airport tug 202 in any suitable manner. For example, the
monitoring of the environmental conditions may include
detecting a change in the environmental conditions during
the autonomous movement of airport tug 202. Based on the
change in the environmental conditions, the directing of the
autonomous movement of airport tug 202 may further com-
prise autonomously adjusting a movement of airport tug.
The change may correspond to any suitable change that
may occur in an airport environment at an airport facility.
For example, the change in the environmental conditions
may be due to the sensor data indicating that another airport
tug is crossing paths or is about to cross paths in front of
airport tug 202. In such examples, airport tug 202 may
adjust the movement by stopping, adjusting velocity, plot-
ting an alternate path, and/or performing any other suitable
adjustment to the movement.

[0035] The sensor data and/or environmental conditions
may be used in any suitable manner to facilitate autonomous
navigation of airport tug 202. For example, system 100 may
use the sensor data to provide instructions to actuators (e.g.,
which control acceleration, braking, steering, etc.) of airport
tug 202 and/or to plot a path for airport tug 202 to take from
the starting position to the designated delivery position. Sys-
tem 100 may implement any suitable process or technology
to facilitate the autonomous movement of airport tug 202.
For example, an exemplary process may include system 100
implementing airport specific hard coded rules (e.g., bound-
ary restrictions, speed restrictions, distance between aircraft
restrictions, etc.), obstacle avoidance algorithms, predictive
modeling, machine learning algorithms, artificial intelli-
gence operations, and/or object recognition algorithms to
facilitate airport tug 202 autonomously navigating airport
facility 206.

[0036] In certain examples, the autonomous movement of
airport tug 202 may additionally or alternatively comprise
airport tug 202 autonomously navigating toward aircraft
204 and autonomously engaging coupling portion 218 with
receiving portion 220.

[0037] In certain examples, the autonomous movement of
airport tug 202 may additionally or alternatively comprise
airport tug 202 autonomously disengaging, after airport tug
202 and aircraft 204 arrive at the designated delivery posi-
tion, coupling portion 218 of airport tug 202 from receiving
portion 220 of aircraft 204.

[0038] In addition to sensor data, system 100 may use
information received from an air traffic control system in
any suitable manner to facilitate airport tug 202 autono-
mously navigating airport facility 206. Such information
may include any suitable information regarding vectors
(e.g., positions, velocities, headings, etc.) of objects or per-
sonnel at an airport facility that is monitored or controlled
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by the air traffic control system. For example, the informa-
tion may include airport tug position information, aircraft
position information, airport personnel position informa-
tion, and/or any other suitable information. In certain exam-
ples, the information may include transport instructions or
requests for an airport tug to autonomously travel to a parti-
cular location at airport facility 206 or to engage with and
deliver a particular aircraft to a designated position at airport
facility 206.

[0039] FIG. 3 shows an exemplary configuration 300 in
which system 100 may be implemented in conjunction
with an air traffic control system 302. As shown in FIG. 3,
configuration 300 includes an airport facility 304 where a
plurality of airport tugs 202 (e.g., airport tugs 202-1 through
202-N) and a plurality of aircraft 204 (e.g., aircraft 204-1
through 204-N) are located. Airport facility 304 may corre-
spond to any suitable type of airport facility such as
described herein. System 100 may be implemented entirely
by one of airport tugs 202. Alternatively, system 100 may be
distributed across airport tugs 202, aircraft 204, and air traf-
fic control system 302 or distributed across airport tugs 202,
aircraft 204, air traffic control system 302, and/or any other
suitable computer system/device.

[0040] As shown in FIG. 3, airport tugs 202, aircraft 204,
and air traffic control system 302 are configured to commu-
nicate with each other and with an airport traffic control
system 302 by way of a network 306. Network 306 may
include, but is not limited to, one or more wireless networks
(Wi-Fi networks), wireless communication networks,
mobile telephone networks (e.g., cellular telephone net-
works, 5G networks, etc.), mobile phone data networks,
broadband networks, narrowband networks, the Internet,
local area networks, wide area networks, and any other net-
works capable of carrying data and/or communications sig-
nals between airport tugs 202, aircraft 204, and airport traf-
fic control system 302. Communications between airport
tugs 202, aircraft 204, airport traffic control system 302,
and any other device or system may be transported using
any one of the above-listed networks, or any combination
or sub-combination of the above-listed networks.

[0041] In certain examples, airport tugs 202 may be con-
figured to communicate with each other (e.g., either directly
or by way of network 306) to share information regarding
environmental conditions at airport facility 304 and/or facil-
itate autonomous navigation at airport facility 304. For
example, airport tug 202-1 may be configured to communi-
cate in any suitable manner with airport tug 202-2 to share
information regarding traffic conditions, weather condi-
tions, tarmac conditions, etc. at airport facility 304.

[0042] Airport traffic control system 302 may be imple-
mented in any suitable manner. For example, airport traffic
control system 302 may be implemented by one or more
computing devices such as a central server located at a con-
trol tower of airport facility 304 or any other suitable loca-
tion. Air traffic control system 302 may provide airport tugs
202 with information about the environment, such as an up-
to-date map of the airport tarmac environment. Air traffic
control system 302 may be configured to alert airport tugs
202 to possible congestion, potentially even optimizing air-
port tug routes to avoid tarmac “traffic jams,” provide infor-
mation regarding weather conditions, vectors of airport tugs
202, vectors of aircraft 204, vectors of airport personnel,
vectors of other vehicles at airport facility 304, and/or any
other suitable information. Airport traffic control system
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302 may transmit such information in any suitable manner
by way of network 306 to airport tugs 202 to facilitate air-
port tugs 202 autonomously navigating airport facility 304.
For example, airport traffic control system 302 may conti-
nually stream such information to airport tugs 202 so that
they have up-to-date information regarding conditions at
airport facility 304. Alternatively, airport traffic control sys-
tem 302 may periodically provide such information to air-
port tugs 202 at any suitable interval.

[0043] FIG. 4 shows an exemplary flow diagram 400
depicting various operations that may be performed by sys-
tem 100 to facilitate, for example, airport tug 202-1 auton-
omously navigating airport facility 304. At operation 402,
airport tug 202-1 may autonomously navigate airport facil-
ity 304. In certain examples, such autonomous navigation at
operation 402 may occur while airport tug 202-1 is not
engaged with an aircraft. In certain additional or alternative
examples, operation 402 may occur while airport tug 202-1
is engaged with and is transporting an aircraft at airport
facility 304.

[0044] At operation 404, airport tug 202-1 monitors envir-
onmental conditions during autonomous navigation. For
example, airport tug 202-1 may use one or more of sensors
216 to monitor environmental conditions in a vicinity of air-
port tug 202-1. At operation 408, airport tug 202-1 may
determine whether there has been a change in the environ-
mental conditions. For example, the change in the environ-
mental conditions may include airport tug 202-1 detecting,
in any suitable manner, that there is a baggage cart about to
cross paths in front of airport tug 202-1 while airport tug
202-1 is traveling to a terminal to engage with an aircraft.
If the answer at operation 406 is “No,” the flow may return
to operation 402 and airport tug 202-1 may continue to navi-
gate autonomously (e.g., along a route autonomously deter-
mined by airport tug 202-1).

[0045] If the answer at operation 406 is “Yes,” the flow
may proceed to operation 408 and airport tug 202-1 may
autonomously adjust movement of airport tug 202-1 based
on the change. For example, in response to detecting of the
baggage cart, airport tug 202-1 may decrease speed and stop
any suitable distance away from the baggage cart to avoid a
collision.

[0046] FIG. S shows another exemplary flow diagram 500
depicting various operations that may be performed by sys-
tem 100 to facilitate, for example, airport tug 202-1 auton-
omously navigating airport facility 304. At operation 502,
airport tug 202-1 may be in a standby mode during which
airport tug 202-1 is available to be used in any suitable man-
ner such as described herein. At operation 504, airport tug
202-1 may determine whether airport tug 202-1 is needed,
for example, to transport an aircraft at airport facility 304.
Such a determination may be made in any suitable manner.
For example, airport tug 202-1 may receive an instruction
from airport traffic control system 302 that indicates that a
particular one of aircraft 204 at a particular terminal at air-
port facility 304 is ready to be transported. If the answer at
operation 504 is “No,” the flow may return to operation 502.
[0047] If the answer at operation 504 is “Yes,” airport tug
202-1 may travel to the aircraft at operation 506. For exam-
ple, airport tug 202-1 may travel to an indicated terminal,
gate, etc. where aircraft 204-1 is located and is indicated
as being ready for transport. In certain examples, airport
tug 202-1 may autonomously travel to aircraft 204-1. In cer-
tain alternative examples, airport tug 202-1 may travel to
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aircraft 204-1 under control of a remote operator. For exam-
ple, the remote operator may be a pilot in a cockpit of the
aircraft transported by airport tug 202-1. Alternatively, the
remote operator may be a human operator located in a con-
trol tower of airport facility 304.

[0048] At operation 508, airport tug 202-1 may attach to
aircraft 204-1 in any suitable manner. In certain examples,
airport tug 202-1 may autonomously engage coupling
potion 218 of airport tug 202-1 with receiving portion 220
of aircraft 204-1. Alternatively, airport tug 202-1 may be
controlled by a remote operator or a human rider to attach
airport tug 202-1 to aircraft 204-1.

[0049] At operation 510, airport tug 202-1 may transport
(e.g., autonomously, semi-autonomously (e.g., using an
adaptive cruise control function), or by way of remote con-
trol) aircraft 204-1 from a starting position to a designated
delivery position at airport facility 304. To illustrate an
example, FIG. 6 shows an exemplary view 600 of an airport
facility where airport tug 202-1 may be used to transport
aircraft 204-1 from a gate at a terminal of an airport facility
to a predefined position on a runway. As shown in FIG. 6, a
starting position 602 is indicated by a dashed circle at the
terminal and a designated departure position 604 is indi-
cated as another dashed circle on a runway. Designated
departure position 604 represents a position where aircraft
204-1 is cleared to begin accelerating on the runway for
takeoff. A dashed line 606 represents a route that airport
tug 202-1 may generate and follow to autonomously trans-
port aircraft 204-1 to designated departure position 604.
Dashed line 606 is depicted in FIG. 6 for illustrative pur-
poses to show an exemplary route that airport tug may
take. It is understood that dashed line 606 may not actually
be visible on the tarmac of the airport facility depicted in
FIG. 6. Moreover, it is understood that the route depicted
by dashed line 606 may change dynamically as conditions
on the tarmac change. For example, a baggage cart may
obstruct the route depicted by dash line 606 after the route
is plotted by airport tug 202-1. In response, airport tug 202-1
may generate an updated route to avoid the baggage cart.
[0050] Returning to FIG. §, airport tug 202-1 may release
from aircraft 204-1 upon arrival at the designated delivery
position. In examples where the designated delivery posi-
tion corresponds to a designated departure position, airport
tug 202-1 may then travel any suitable distance from aircraft
204-1 such that aircraft 204-1 is cleared for takeoff. In cer-
tain examples, such a release may be performed autono-
mously by airport tug 202-1. Alternatively, the release may
be performed by way of direction from a remote operator in,
for example, the cockpit of aircraft 204-1 or the control
tower at the airport facility.

[0051] At operation 514, airport tug 202-1 makes another
determination whether airport tug 202-1 is needed. For
example, the determination may be made based on airport
tug 202-1 receiving an additional instruction from air traffic
control system 302 that, for example, aircraft 204-2 is ready
for transport (e.g., at an additional terminal, at the end of a
runway post-landing, etc.). Based on the additional instruc-
tion, the answer at operation 514 is “Yes,” the flow returns to
operation 506, and airport tug 202-1 travels to the aircraft. If
the answer at operation 514 is “No,” the flow returns to
operation 502 where airport tug 202-1 returns to a standby
mode.

[0052] FIG. 7 shows an exemplary flow diagram 700
depicting various operations that may be performed by sys-
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tem 100 in implementations where an airport tug such as
airport tug 202-1 is electrically powered. At operation 702,
airport tug 202-1 may be charging at a charging position.
Such a charging position may be configured in any suitable
manner. For example, the charging position may correspond
to a designated location at airport facility 304 that has char-
ging cables, inductive charging pads, or any other suitable
charging mechanism configured to charge the batteries of an
electrically powered airport tug.

[0053] At operation 704, airport tug 202-1 may determine
whether airport tug 202-1 is needed. If the answer at opera-
tion 704 is “No,” the flow may return to operation 704 and
airport tug 202-1 may continue to charge or wait at the char-
ging position. In certain examples, airport tug 202-1 may
only leave the charging position when summoned if airport
tug 202-1 has sufficient power for a requested delivery
operation. In such examples, system 100 may determine in
any suitable manner whether airport tug 202-1 has sufficient
power for a requested delivery operation. If airport 202-1 is
not sufficiently charged for the requested delivery operation,
airport tug 202-1 may remain at the charging position and an
additional airport tug that is sufficiently charged may be
selected (e.g., from a list of available airport tugs) for the
requested delivery operation.

[0054] If the answer at operation 704 is “Yes,” (e.g., due to
an instruction provided by airport traffic control system 302)
the airport tug may autonomously travel to a terminal where,
for example, aircraft 204-1 is located. At operation 708, air-
port tug 202-1 may autonomously attach to aircraft 204-1 in
any suitable manner. At operation 710, airport tug 202-1
may autonomously transport aircraft 204-1 to a designated
departure position.

[0055] At operation 712, airport tug 202-1 may autono-
mously release from aircraft 204-1 upon arrival at the desig-
nated departure position. Airport tug 202-1 may then auton-
omously navigate away from aircraft 204-1 to clear aircraft
204-1 for departure.

[0056] At operation 714, airport tug 202-1 may determine
whether airport tug 202-1 is needed. If the answer at opera-
tion 714 is “Yes,” the flow may proceed to operation 706
and airport tug 202-1 may travel to an additional aircraft.
If the answer at operation 714 is “No,” the flow may proceed
to operation 702 and airport tug 202-1 may return to the
charging position to recharge batteries of airport tug 202-1.
[0057] In certain examples, airport tugs such as those
described herein may be configured to switch between
autonomous navigation at an airport facility and remote con-
trol navigation as directed by a remote operator. A remote
operator may correspond to any human operator that is not
riding on the airport tug. For example, a remote operator
may correspond to a pilot in an aircraft being transported
by the airport tug, an air traffic controller in a control
tower, or a grounds crew member.

[0058] System 100 may determine when to switch airport
tug 202 from autonomous navigation to remote control navi-
gation based on satisfaction of a predefined condition. In
certain examples, system 100 may automatically switch to
remote control navigation based on satisfaction of the pre-
defined condition. In certain alternative implementations,
system 100 may determine that the predefined condition
has been satisfied and then provide any suitable notification
indicating that remote control operation is available unless
otherwise recommended in a given situation.
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[0059] The predefined condition may correspond to any
suitable condition that may trigger remote control operation
of airport tugs 202. For example, in certain implementa-
tions, the predefined condition may correspond to a user
input provided by a user that wants to remotely control
one of airport tugs 202. In such examples, the user input
may be provided in any suitable manner by a remote opera-
tor. For example, a pilot in a cockpit of an airplane that is to
be transported by one of airport tugs 202 may provide a user
input by way of a control interface of the airplane or by way
of a dedicated remote control device to assume control of
one of airport tugs 202. The pilot may then remotely control
movement of the airport tug by way of any suitable control
interfaces of the aircraft or by way of a dedicated remote
control device operated by the pilot while within the cockpit
of the aircraft.

[0060] In certain examples, the predefined condition may
be associated with a change in engagement status of the air-
port tug. For example, the airport tug may automatically
switch from operating autonomously to remote control
operation upon being connected to or disconnected from
an aircraft.

[0061] In certain examples, the predefined condition may
be associated with an airport tug entering a predefined area
at an airport facility. For example, an area at a gate of a
terminal may correspond to a predefined area where an air-
port tug is configured to automatically switch from operat-
ing autonomously to remote control operation. In such
examples, an airport tug may be controlled as directed by
remote operator while in the predefined area to attach the
coupling portion of the airport tug to a receiving portion of
an aircraft. Once attached, the airport tug may be configured
to automatically transport the aircraft in any suitable manner
such as described herein.

[0062] In certain examples, the predefined condition may
be associated with conditions in the environment at an air-
port facility. For example, certain weather conditions (e.g.,
rain, fog, sleet, snow, etc.) may trigger an airport tug switch-
ing from autonomous navigation to remote control naviga-
tion. In such examples, the airport tug may determine based
on sensor data or other information that the weather condi-
tions are unsafe for autonomous navigation. Such a determi-
nation may be made at any suitable time. For example, such
a determination may be made while the airport tug is auton-
omously transporting an aircraft from a starting position to a
designated departure position at the airport. The airport tug
may then provide any suitable notification to, for example,
the pilot of the aircraft being transported to indicate that
remote control operation of the airport tug is recommended.
[0063] In addition, certain traffic conditions at an airport
facility may trigger an airport tug switching from autono-
mous navigation to remote control navigation. For example,
there may be a long queue of airplanes taxiing toward a run-
way and waiting in line for clearance to take off, which may
make autonomous operation of the airport tug difficult. In
such examples, the airport tug may provide any suitable
notification to, for example, an air traffic controller to indi-
cate that remote control operation of the airport tug is
recommended.

[0064] In certain examples, system 100 may switch from
remote control operation to autonomous operation of an air-
port tug based on system 100 detecting satisfaction of an
additional predefined condition that triggers autonomous
operation of the airport tug. Based on the satisfaction of
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the additional predefined condition, the airport tug may
switch from navigating the airport facility as directed by a
remote operator to navigating the airport facility autono-
mously. The additional predefined condition may corre-
spond to any suitable condition that may trigger autonomous
operation of an airport tug. For example, a remote operator
may provide any suitable user input to direct an airport tug
to begin autonomous operation at an airport facility. In cer-
tain alternative implementations, an airport tug may auto-
matically switch back to autonomous operation upon being
disengaged from an aircraft.

[0065] FIG. 8 shows an exemplary flow diagram 800 that
depicts various operations that may be performed in an alter-
native implementation where an airport tug is controlled as
directed by a remote operator while taxiing. At operation
802, for example, airport tug 202-1 may be charging at a
charging position. At operation 804, a determination is
made in any suitable manner such as described herein
whether airport tug 202-1 is needed. If the answer at opera-
tion 804 is “No,” the flow returns to operation 802. If the
answer at operation 804 is “Yes,” the flow proceeds to
operation 806 and airport tug 202-1 autonomously travels
to an indicated terminal where, for example, aircraft 204-1
is located.

[0066] At operation 808, airport tug 202-1 may attach to
aircraft 204-1. This may be performed in any suitable man-
ner, for example, either autonomously or as directed by a
remote operator. At operation 810, a pilot may remotely
control airport tug 202-1 from the cockpit of aircraft 204-1
to taxi aircraft 204-1 to a designated departure position. In
such an example, the pilot may provide any suitable user
input to assume control of the airport tug. Alternatively, air-
port tug 202 may automatically switch from autonomous
navigation to remote control navigation upon being attached
to aircraft 204-1. While the pilot remotely controls airport
tug 202-1, the engines of aircraft 204-1 are not used to pro-
pel the aircraft towards the designated departure position.
Rather, airport tug 202-1 provides all of the motive power
to transport aircraft 204-1. In so doing, it is possible to ben-
eficially reduce fuel consumption by aircraft 204-1 and
reduce noise made by aircraft 204-1 while taxiing.

[0067] At operation 812, the pilot directs airport tug 202-1
to release from aircraft 204-1 in preparation for takeoff. In
such examples, airport tug 202-1 may autonomously navi-
gate away from aircraft 204-1 to clear aircraft 204-1 for
departure. At operation 814, a determination is made
whether airport tug 202-1 is needed. If the answer at opera-
tion 814 is “Yes,” the flow returns to operation 806 and air-
port tug 202-1 may autonomously navigate to another term-
inal or any other suitable location where, for example,
aircraft 204-3 is located. If the answer at operation 814 is
“No,” the flow may return to operation 802 and airport tug
202-1 may autonomously navigate to the charging position
at the airport facility.

[0068] In certain examples, airport tugs such as those
described herein may be configured to be inductively
charged while the airport tugs move around an airport facil-
ity or otherwise transport aircraft at the aircraft facility. In
such examples, inductive charging coils or pads may be
embedded in any suitable manner within the tarmac and
along routes that airport tugs typically travel. With such a
configuration, the airport tugs may be configured to operate
continuously without having to, for example, return to a
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designated charging position after one or more trips trans-
porting aircraft.

[0069] In certain examples, airport tugs such as those
described herein may be used (e.g., autonomously, by way
of a remote operator, or a human driver) to pull baggage car
trains around the tarmac, or other tarmac uses. For example,
the airport tug may be fitted with other useful equipment to
aid in situations that may be dangerous or undesirable for
humans. For example, an electrically powered, autonomous
airport tug outfitted with fire suppression equipment could
charge into a jet-fuel consuming fiery crash without risking
a human firefighter’s life. Not only would risk to a human
firefighter be reduced, but the airport tug may be able to
arrive more quickly than a human fire crew, use its sensors
to “see” things a human firefighter might not be able to
easily see (e.g., thermal imaging cameras spotting crash sur-
vivors through smoke and wreckage) and be able to drive
into the fire and wreckage to apply fire retardant at places
a human firefighter may not be able to safely go. An airport
tug with these kinds of capabilities could also be piloted at a
distance as directed by human firefighters to facilitate sup-
pressing a fire, assessing a crash scene, and/or helping crash
SUrvivors.

[0070] FIG. 9 illustrates an exemplary method 900 of
operation of an airport tug (e.g., airport tug 202). While
FIG. 9 illustrates exemplary operations according to one
embodiment, other embodiments may add to and/or modify
the operations shown in FIG. 9. The operations shown in
FIG. 9 may be performed by an airport tug, any components
included therein, and/or any implementation thereof.
[0071] At operation 902, the airport tug may monitor,
based on sensor data collected by way of one or more sen-
sors of the airport tug, environmental conditions in a vicinity
of the airport tug. Operation 902 may be performed in any of
the ways described herein.

[0072] At operation 904, the airport tug may autono-
mously navigate, based on the monitoring of the environ-
mental conditions and while a coupling portion of the air-
port tug is engaged with a receiving portion of an aircraft, an
airport facility to transport the aircraft from a starting posi-
tion to a designated departure position at the airport facility
or transport an arriving aircraft from the runway to a desig-
nated terminal for disembarkation. Operation 904 may be
performed in any of the ways described herein.

[0073] Insome examples, a non-transitory computer-read-
able medium storing computer-readable instructions may be
provided in accordance with the principles described herein.
The instructions, when executed by a processor of a comput-
ing device, may direct the processor and/or computing
device to perform one or more operations, including one or
more of the operations described herein. Such instructions
may be stored and/or transmitted using any of a variety of
known computer-readable media.

[0074] A non-transitory computer-readable medium as
referred to herein may include any non-transitory storage
medium that participates in providing data (e.g., instruc-
tions) that may be read and/or executed by a computing
device (e.g., by a processor of a computing device). For
example, a non-transitory computer-readable medium may
include, but is not limited to, any combination of non-vola-
tile storage media and/or volatile storage media. Exemplary
non-volatile storage media include, but are not limited to,
read-only memory, flash memory, a solid-state drive, a mag-
netic storage device (e.g., a hard disk, a floppy disk, mag-
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netic tape, etc.), ferroelectric random-access memory
(RAM), and an optical disc (e.g., a compact disc, a digital
video disc, a Blu-ray disc, etc.). Exemplary volatile storage
media include, but are not limited to, RAM (e.g., dynamic
RAM).

[0075] FIG. 10 illustrates an exemplary computing device
1000 that may be specifically configured to perform one or
more of the processes described herein. As shown in FIG.
10, computing device 1000 may include a communication
interface 1002, a processor 1004, a storage device 1006, and
an input/output (I/O) module 1008 communicatively con-
nected one to another via a communication infrastructure
1010. While an exemplary computing device 1000 is
shown in FIG. 10, the components illustrated in FIG. 10
are not intended to be limiting. Additional or alternative
components may be used in other embodiments. Compo-
nents of computing device 1000 shown in FIG. 10 will
now be described in additional detail.

[0076] Communication interface 1002 may be configured
to communicate with one or more computing devices.
Examples of communication interface 1002 include, with-
out limitation, a wired network interface (such as a network
interface card), a wireless network interface (such as a wire-
less network interface card), a modem, an audio/video con-
nection, and any other suitable interface.

[0077] Processor 1004 generally represents any type or
form of processing unit capable of processing data and/or
interpreting, executing, and/or directing execution of one
or more of the instructions, processes, and/or operations
described herein. Processor 1004 may perform operations
by executing computer-executable instructions 1012 (e.g.,
an application, software, code, and/or other executable
data instance) stored in storage device 1006.

[0078] Storage device 1006 may include one or more data
storage media, devices, or configurations and may employ
any type, form, and combination of data storage media and/
or device. For example, storage device 1006 may include,
but is not limited to, any combination of the non-volatile
media and/or volatile media described herein. Electronic
data, including data described herein, may be temporarily
and/or permanently stored in storage device 1006. For
example, data representative of computer-executable
mnstructions 1012 configured to direct processor 1004 to per-
form any of the operations described herein may be stored
within storage device 1006. In some examples, data may be
arranged in one or more location databases residing within
storage device 1406.

[0079] I/O module 1008 may include one or more 1/O
modules configured to receive user input and provide user
output. One or more I/O modules may be used to receive
input for a virtual experience. I/O module 1008 may include
any hardware, firmware, software, or combination thereof
supportive of input and output capabilities. For example, I/
O module 1008 may include hardware and/or software for
capturing user input, including, but not limited to, a key-
board or keypad, a touchscreen component (e.g., touchsc-
reen display), a receiver (e.g., an RF or infrared receiver),
motion sensors, and/or one or more input buttons.

[0080] /O module 1008 may include one or more devices
for presenting output to a user, including, but not limited to,
a graphics engine, a display (e.g., a display screen), one or
more output drivers (e.g., display drivers), one or more
audio speakers, and one or more audio drivers. In certain
embodiments, [/O module 1408 is configured to provide
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graphical data to a display for presentation to a user. The
graphical data may be representative of one or more graphi-
cal user interfaces and/or any other graphical content as may
serve a particular implementation.

[0081] In some examples, any of the systems, computing
devices, and/or other components described herein may be
implemented by computing device 1000. For example,
memory 102 or memory 208 may be implemented by sto-
rage device 1006, and processor 104 or processor 212 may
be implemented by processor 1004.

[0082] In the preceding description, various exemplary
embodiments have been described with reference to the
accompanying drawings. It will, however, be evident that
various modifications and changes may be made thereto,
and additional embodiments may be implemented, without
departing from the scope of the invention as set forth in the
claims that follow. For example, certain features of one
embodiment described herein may be combined with or sub-
stituted for features of another embodiment described
herein. The description and drawings are accordingly to be
regarded in an illustrative rather than a restrictive sense.

What is claimed is:

1. An airport tug configured to navigate an airport facility
autonomously, the airport tug comprising:

a coupling portion configured to engage with a receiving

portion of an aircraft;

one or more sensors configured to collect sensor data

descriptive of environmental conditions in a vicinity of
the airport tug;
amemory storing instructions; and
one or more processors communicatively coupled to the
memory and configured to execute the instructions to
perform a process comprising:
monitoring, based on the sensor data, the environmental
conditions in the vicinity of the airport tug; and
directing, based on the monitoring of the environmental
conditions and while the coupling portion is engaged
to the receiving portion, autonomous movement of the
airport tug to transport the aircraft from a starting posi-
tion to a designated delivery position for the aircraft at
the airport facility.
2. The airport tug of claim 1, wherein:
the monitoring of the environmental conditions includes
detecting a change in the environmental conditions dur-
ing the autonomous movement of the airport tug; and

the directing of the autonomous movement of the airport
tug further comprises autonomously adjusting a move-
ment of the airport tug based on the change in the envir-
onmental conditions.

3. The airport tug of claim 1, wherein the directing of the
autonomous movement of the airport tug further comprises:

disengaging, after the airport tug and aircraft arrive at the

designated delivery position, the coupling portion of the
airport tug from the receiving portion of the aircraft; and
navigating away from the aircraft.

4. The airport tug of claim 1, wherein the airport tug is elec-
trically powered.

5. The airport tug of claim 4, wherein the directing of the
autonomous movement of the airport tug further comprises
autonomously navigating to a charging position for the airport
tug at the airport facility.

6. The airport tug of claim 4, wherein the airport tug is con-
figured to be inductively charged while the airport tug
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transports the aircraft from the starting position to the desig-
nated delivery position for the aircraft.
7. The airport tug of claim 1, wherein the process further
comprises:
detecting satistaction of a predefined condition that triggers
remote control operation of the airport tug; and

switching, based on the satisfaction of the predefined con-
dition, the airport tug from navigating the airport facility
autonomously to navigating the airport facility as direc-
ted by a remote operator.
8. The airport tug of claim 7, wherein the remote operator is
positioned in a control tower of the airport facility or a cockpit
of the aircraft.
9. The airport tug of claim 7, wherein the process further
comprises:
detecting satisfaction of an additional predefined condition
that triggers autonomous operation of the airport tug; and

switching, based on the satisfaction of the additional pre-
defined condition, the airport tug from navigating the air-
port facility as directed by the remote operator tonavigat-
ing the airport facility autonomously.

10. The airport tug of claim 1, wherein the directing of the
autonomous movement of the airport tug further includes
directing the airport tug to autonomously:

navigate toward the aircraft; and

engage the coupling portion of the airport tug with the

receiving portion of the aircraft.

11. The airport tug of claim 1, wherein:

the starting position corresponds to a docked position of the

aircraft at a gate of the airport facility; and

the designated delivery position corresponds to a desig-

nated departure position on a runway where the aircraft
is cleared to begin accelerating for takeoff.

12. The airport tug of claim 1, wherein:

the starting position corresponds to an end of arunway after

the aircraft lands at the airport facility; and

the designated delivery position corresponds to a terminal

where the aircraft docks and passengers disembark.

13. A system comprising:

a plurality of airport tugs configured to navigate an airport

facility autonomously,

wherein an airport tug included in the plurality of airport

tugs includes:

one or more sensors configured to collect sensor data
descriptive of environmental conditions in a vicinity
of the airport tug;

a memory storing instructions; and

one or more processors communicatively coupled to the
memory and configured to execute the instructions to
perform a process comprising:

receiving information from an airport traffic control sys-
tem configured to control arrivals and departures of a
plurality of aircraft at the airport facility;

monitoring, based on the sensor data, the environmental
conditions in the vicinity of the airport tug; and

directing, based on the information received fromthe air-
port traffic control system and based on the environ-
mental conditions, autonomous movement of the air-
porttugto transport an aircraft included in the plurality
of aircraft from a starting position to a designated
delivery position for the aircraft at the airport facility.

14. The system of claim 13, wherein the information
received from the airport traffic control system includes one
or more of airport tug position information; aircraft position
information; and airport personnel position information.
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15. The system of claim 13, wherein:

the monitoring of the environmental conditions includes
detecting a change in the environmental conditions dur-
ing the autonomous movement of the airport tug; and

the directing of the autonomous movement of the airport
tug further comprises autonomously adjusting a move-
ment of the airport tug based on the change in the envir-
onmental conditions.

16. The system of claim 13, wherein the process further

comprises:

detecting satisfaction ofa predefined condition that triggers
remote control operation of the airport tug; and

switching, based on the satisfaction of the predefined con-
dition, the airport tug from navigating the airport facility
autonomously to navigating the airport facility as direc-
ted by a remote operator.

17. The system of claim 13, wherein:

the starting position corresponds to a docked position of the
aircraft at a gate of the airport facility; and

the designated delivery position corresponds to a desig-
nated departure position on a runway where the aircraft
is cleared to begin accelerating for takeoff.

18. A method comprising:

monitoring, by an airport tug and based on sensor data col-
lected by way of one or more sensors of the airport tug,
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environmental conditions in a vicinity of the airport tug;
and

autonomously navigating, by the airport tug and based on
the monitoring of the environmental conditions and
while a coupling portion of the airport tug is engaged to
a receiving portion of an aircraft, an airport facility to
transport the aircraft from a starting position to a desig-
nated delivery position for the aircraft at the airport
facility.

19. The method of claim 18, wherein:

the monitoring of the environmental conditions includes
detecting a change in the environmental conditions dur-
ing autonomous movement of the airport tug; and

the autonomously navigating the airport facility further
comprises autonomously adjusting a movement of the
airport tug based on the change in the environmental
conditions.

20. The method of claim 18, wherein:

the starting position corresponds to a docked position of the
aircraft at a gate of the airport facility; and

the designated delivery position corresponds to a desig-
nated departure position on a runway where the aircraft
is cleared to begin accelerating for takeoff.
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