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(57) Abstract: The systems and methods are provided to provide communication coverage to an unmanned aerial vehicle. A pro -
posed flight path of a UAV may be collected, and a communication signal distribution, such as a cellular signal distribution, along
the proposed flight of the UAV may be determined. At positions having low or no communication signal, relays may be provided to
improve a quality of the communication signal. The relay may be a ground device or an aerial vehicle. A stable and continuous com-
munication between the UAV and user terminals during the entire flight path of UAV may be provided, and a coverage of cellular
signal may be expanded.
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Description
Title of Invention: METHOD, APPARATUS AND SYSTEM OF
PROVIDING COMMUNICATION COVERAGE TO AN

UNMANNED AERIAL VEHICLE
BACKGROUND

[0001]  Aerial vehicles, such as unmanned aerial vehicles (UAVs), have been developed for
a wide range of applications including surveillance, search and rescue operations, ex-
ploration, and other fields. Such UAVs can carry onboard cameras to capture still
images and video images.

[0002] It may be desirable for the UAV to have a continuous access to a user terminal or a
network during the flight. The user terminal may be a remote controller or a ground
terminal. However, a conventional dedicated link between the UAV and user terminal
may not guarantee a stable and continuous communication during the whole flight.

[0003] SUMMARY

[0004]  Systems and methods are provided for providing communication coverage to a UAV
by disposing relays based on a flight plan of the UAV. In traditional UAV commu-
nication systems, a dedicated link may be established between the UAV and user
terminals such as a remote controller or a ground station. However, a quality and safety
of communication over this dedicated link may not be guarantee due to the fact that an
un-licensed frequency band is employed. Furthermore, the traditional UAV commu-
nication systems may not benefit from the rapid development of cellular commu-
nication such as 4G (i.e., the fourth generation of mobile communications technology)
because a strength of cellular signal may rapidly deteriorate above a certain altitude in
the air, leading to an unstable communication between the UAV and user terminals
over cellular network. Accordingly, a need exists for providing a stable and continuous
communication between the UAV and user terminals during the entire flight path of
UAV.

[0005]  The systems and methods may collect a proposed flight path of a UAV, and
determine a communication signal distribution, such as a cellular signal distribution,
along the proposed flight of the UAV. At positions having low or no cellular signal,
relays may be provided to improve a quality of the cellular signal. In some em-
bodiments, the relay may comprise a first communication unit, such as a Wi-Fi unit,
capable of directly communicating with the UAV and a second communication unit,
such as a cellular unit, capable of communicating over a communication network. If
the UAV is equipped with a cellular unit, at positions having good cellular signal, the

UAYV may directly communicate with a communication network using a cellular
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signal. At positions having bad or no cellular signal, the UAV may communicate with
the relay over Wi-Fi, and then the relay may forward the communication from UAV to
the communication network using cellular signal. On the other hand, if the UAYV is not
equipped with a cellular unit, the UAV may communicate with the relay over Wi-Fi,
and then the relay may forward the communication from UAV to the communication
network using a cellular signal. In some embodiments, the relays may be stationary
relays. Alternatively, the relays may be movable relays, such as other UAVs having a
Wi-Fi unit and a cellular unit. With the systems and methods of present invention, a
stable and continuous communication between the UAV and user terminals during the
entire flight path of UAV, and a coverage of cellular signal may be expanded.

[0006]  Communications from a UAV may be relayed by receiving, at a first communication
unit such as a Wi-Fi unit of a relay, a wireless signal directly from the UAV, and then
transmitting, via a second communication unit such as a cellular unit of the relay, the
received wireless signal to a communication network. In some embodiments, the
wireless signal may comprise digital files such as multi-media information captured by
the UAV. A wireless signal data may be received from UAV and transmitted over the
communication network in a rapid and stable way during the entire flight path of UAV,
regardless of a distribution of the cellular signal.

[0007]  Communications from a communication network may be relayed by receiving, at a
second communication unit such as a cellular unit of a relay, a communication signal
from a public network, and then transmitting, via a first communication unit such as a
Wi-Fi unit of the relay, the received communication signal to the UAV. In some em-
bodiments, the communication signal may comprise an operation command of the
UAYV which is input by the user through a remote controller. With the systems and
methods of present invention, a communication signal may be received from a remote
controller over the communication network and transmitted to the UAV in a rapid and
stable way during the entire flight path of UAV, regardless of a distribution of the
cellular signal.

[0008]  An aspect of the invention may include a method of providing communication
coverage to an unmanned aerial vehicle (UAV), said method comprising: collecting a
proposed flight path of the UAV; determining a communications signal distribution
along the proposed flight path of the UAV; and determining one or more locations for
providing one or more relays based on the communication signal distribution to
improve communication signal distribution along the proposed flight path of the UAV.

[0009]  Aspects of the invention may further include an apparatus for providing commu-
nication coverage to an unmanned aerial vehicle (UAV), said system comprising: one
or more processors configured to, individually or collectively: collect a proposed flight

path of the UAV; determine a communication signal distribution along the proposed
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flight path of the UAV; and generate signals for providing one or more relays at one or
more locations based on the communications signal distribution to improve commu-
nication signal distribution along the proposed flight path of the UAV. In some em-
bodiments, the apparatus may be an aerial vehicle such as another UAV.

[0010]  Aspects of the invention may further include a system for providing communication
coverage to an unmanned aerial vehicle (UAV), said system comprising: an aerial
vehicle configured to collect a communications signal distribution along a proposed
flight path of the UAV; and a device configured to determine one or more locations for
providing one or more relay devices based on the communications signal distribution
to improve communication signal distribution along the proposed flight path of the
UAV.

[0011]  In some embodiments, determining the communication signal distribution along the
proposed flight path may include detecting one or more areas where a quality of com-
munication signal falls beneath a threshold value. The threshold value may vary for the
one or more areas. Alternatively, determining the communication signal distribution
may include flying another aerial vehicle along the proposed flight path to collect the
communication signal distribution. Alternatively, determining the communication
signal distribution may include incorporating past experience data collective from
other UAVs. Alternatively, determining the communication signal distribution may
include incorporating past experience data collective from a communication service
provider or receiving a preset setting of a communication service provider. Alter-
natively, determining the communication signal distribution includes determining the
communication signal distribution based on real-time notice from a communication
service provider. Optionally, determining the communications signal distribution may
include detecting a quality of telecommunication network signal along the proposed
flight path of the UAV.

[0012]  In some embodiments, determining one or more locations for providing one or more
relays may include determining one or more locations where a quality of commu-
nication signal exceeds a threshold value.

[0013] In some embodiments, each of the one or more relays comprises (1) a first commu-
nication unit capable of directly communicating with the UAV and (2) a second com-
munication unit capable of communicating over a telecommunication network. In
some instances, a plurality of the relays may communicate with each other via the
second communication units. In some instances, a communication between the UAV
and the plurality of the relays may switch among the plurality of the relays.

[0014]  In some embodiments, the first communication unit may be a wireless transceiver
dedicated to communication between the UAV and the relay device. In some instances,

the wireless transceiver may be a Wi-Fi transceiver. Optionally, the wireless
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transceiver may be a private wireless transceiver. Optionally, the wireless transceiver
may be a radio frequency transceiver. In some instances, the wireless transceiver may
directly communicate with a remote controller comprising a communication unit
capable of directly communicating with the wireless transceiver.

[0015]  In some embodiments, the first communication unit may be capable of receiving a
signal directly from the UAV. In some instances, the signal may include information
about a multimedia file captured by the UAV. Optionally, the signal may include
sensor data collected by one or more sensors onboard the UAV. Alternatively, first
communication unit may be capable of transmitting a signal directly to the UAV. In
some instances, the signal includes one or more commands that affect operation of the
UAYV. For instance, the one or more commands may affect flight of the UAV or
operation of a payload of the UAV. The one or more commands may originate from a
remote controller configured to accept a user input.

[0016] In some embodiments, the second communication unit may be a cellular commu-
nication unit. In some instances, the cellular communication unit may be configured to
communicate with a remote controller over the telecommunications network. Op-
tionally, the cellular communication unit may be configured to receive one or more
commands that effect operation of the UAV. Optionally, the cellular communication
unit may be configured to receive one or more commands that effect operation of the
UAV. Optionally, the cellular communication unit may be configured to transmit in-
formation about a multimedia file captured by the UAV. Optionally, the cellular com-
munication unit may be configured to transmit sensor data collected by one or more
sensors onboard the UAV.

[0017]  In some embodiments, the method of providing communication coverage to a UAV
may further comprise modifying the proposed flight path of the UAV. In some
instances, the method may further comprise modifying the one or more locations for
providing the one or more relays based on the modification to the proposed flight path
of the UAV.

[0018]  In some embodiments, the one or more relays may be stationary. Alternatively, the
one or more relays may be mobile. In some instances, the one or more relays are other
UAVs. In some instances, the one or more relays may be provided at locations having
a quality of communications signals that exceeds a threshold value. The threshold
value may vary for different locations. In some instances, the communications signal
distribution along the proposed path may include one or more areas with poor telecom-
munication for the UAV. The one or more relays may be provided at locations where
signal coverage of the one or more relays cover the one or more areas with poor
telecommunication for the UAV.

[0019]  In some embodiments, the communication signal distribution may be a cellular signal
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distribution. In some embodiments, the communications signal distribution may be
within a three-dimensional airspace. For instance, the communications signal dis-
tribution may be at an altitude of the flight path of the UAV. In some embodiments, the
one or more relays may authenticate an identification of the UAV.

[0020]  In some embodiments, the UAV may comprise a third communication unit capable
of directly communicating with the first communication unit of the relay. In some
instances, the UAV may comprise a fourth communication unit capable of commu-
nicating with the telecommunication network. For instance, the one or more relays may
be provided at locations where the one or more relays are capable of receiving signals
from the UAV via the first communication unit and transmitting a signal via the second
communication unit when the UAV is not capable of communicating over the telecom-
munication network. For instance, the one or more relays may be provided at locations
where the one or more relays are capable of sending signals to the UAV via the first
communication unit and receiving a signal via the second communication unit when
the UAV is not capable of communicating over the telecommunication network. In
some instances, the fourth communication unit may be a cellular communication unit.
In some instances, the third communication unit may directly communicate with a
remote controller comprising a fifth communication unit capable of directly commu-
nicating with the third communication unit of the UAV.

[0021]  Aspects of the invention may further include a method of providing communication
coverage to an unmanned aerial vehicle (UAV), said method comprising: collecting a
location of the UAV while the UAYV is in flight; determining a communication signal
distribution in a proximity of the UAV; and determining one or more locations for
providing one or more mobile relays based on the communication signal distribution,
while the UAYV is in flight to improve communication signal distribution along a flight
path of the UAV.

[0022]  Aspects of the invention may further include an apparatus for providing commu-
nication coverage to an unmanned aerial vehicle (UAV), said apparatus comprising:
one or more processors configured to, individually or collectively: collect a location of
the UAV while the UAYV is in flight; determine a communications signal distribution in
a proximity of the UAV; and generate signals to providing one or more mobile relays
at one or more locations based on the communications signal distribution, while the
UAV is in flight to improve communication signal distribution along a flight path of
the UAV. In some embodiments, the apparatus may be an aerial vehicle such as
another UAV.

[0023]  In some embodiments, each of the one or more mobile relays may comprise (1) a
first communication unit capable of directly communicating with the UAV and (2) a

second communication unit capable of communicating over a telecommunications
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network.

[0024]  In some embodiments, the first communication unit may be a wireless transceiver
dedicated to communication between the UAV and the relay device. In some instances,
the wireless transceiver may be a Wi-Fi transceiver. Optionally, the wireless
transceiver may be a private transceiver. Optionally, the wireless transceiver may be a
radio frequency transceiver. In some embodiments, the second communication unit is a
cellular communication unit.

[0025]  In some embodiments, the first communication unit may be capable of receiving a
signal directly from the UAV. In some instances, the signal may include information
about a multimedia file captured by the UAV. Optionally, the signal may include
sensor data collected by one or more sensors onboard the UAV. In some embodiments,
the first communication unit may be capable of transmitting a signal directly to the
UAV. In some instances, the signal may include one or more commands that effect
operation of the UAV. For instance, the one or more commands may affect flight of
the UAV and/or operation of a payload of the UAV.

[0026]  In some embodiments, the one or more mobile relays may be other UAVs. In some
embodiments, the flight path of the UAV may be a proposed flight path or a random
flight path.

[0027]  In some embodiments, the one or more locations of the one or more mobile relays
may change over time while the UAV is in flight. In some instances, one or more
mobile relays may stay within a proximity of the UAV while the UAV is in flight. In
some instances, the one or more locations of the one or more mobile relays may permit
each of the mobile relays to have a quality of communications signal that exceeds a
threshold value. In some instances, the one or more locations of the one or more
mobile relays may permit each of the mobile relays to have a ground communication
load beneath a threshold value.

[0028]  In some embodiments, determining a communication signal distribution in a
proximity of the UAV may include detecting a quality of telecommunication network
signal in a proximity of the UAV. Alternatively, determining a communication signal
distribution in a proximity of the UAV may include incorporating past experience data
collective from other UAVs. Alternatively, determining a communication signal dis-
tribution in a proximity of the UAV may include incorporating past experience data
collective from a communication service provider or receiving a preset setting of a
communication service provider. Optionally, determining a communication signal dis-
tribution in a proximity of the UAV may include determining the communications
signal distribution based on real-time notice from a communication service provider.

[0029]  In some embodiments, the method of providing communication coverage to UAV

may further comprise determining whether the UAV is capable of communication over
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the telecommunication network at a predetermined level of quality based on the com-
munication signal distribution. In some instances, the method may further comprise
permitting the UAV to communicate over the telecommunications network without
using the one or more mobile relays when the UAV is capable of communications over
the telecommunications network at the predetermined level of quality. In some
instances, the method may further comprise permitting the UAV to communicate with
the first communication unit of the one or more mobile relays when the UAV is not
capable of communications over the telecommunications network at the predetermined
level of quality.

[0030]  In some embodiments, the method of providing communication coverage to UAV
may further comprise determining whether the UAV is capable of direct commu-
nication with a remote controller at a predetermined level of quality. In some instances,
the method may further comprise permitting the UAV to communicate directly with
the remote controller without using the one or more mobile relays when the UAV is
capable of direct communications with the remote controller at the predetermined level
of quality. In some instances, the method may further comprise permitting the UAV to
communicate with the first communication unit of the one or more mobile relays when
the UAV is not capable of direct communications with the remote controller at the pre-
determined level of quality.

[0031]  Aspects of the invention may further include a method of relaying communications
from an unmanned aerial vehicle (UAV), said method comprising: receiving, at a first
communication unit of a relay device, a wireless signal directly from the UAV; and
transmitting, via a second communication unit of the relay device, a telecommu-
nication signal over a telecommunication network, wherein the telecommunication
signal conveys the wireless signal.

[0032]  Aspects of the invention may further include a relay device of relaying commu-
nications from an unmanned aerial vehicle (UAV), said relay device comprising: a first
communication unit configured to receive a wireless signal directly from the UAV,
said wireless signal conveying a digital file information; and a second communication
unit connected to the first communication unit and configured to transmit a telecom-
munications signal over a public network, wherein the telecommunications signal
conveys the digital file information.

[0033] In some embodiments, the telecommunication network may be a cellular network. In
some embodiments, the wireless signal may convey a multimedia file. The multimedia
file may be a video file or an image file. Alternatively, the wireless signal may convey
sensor data collected by one or more sensors onboard the UAV.

[0034]  In some embodiments, the relay device may be a stationary relay device. Alter-

natively, the relay device may be a mobile relay device such as another UAV.
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[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

In some embodiments, the first communication unit may be a wireless transceiver
dedicated to communication between the UAV and the relay device. In some instances,
the wireless transceiver may be a Wi-Fi transceiver, a radio frequency transceiver or a
private wireless transceiver. In some embodiments, the second communication unit
may be a cellular communication unit.

In some embodiments, a remote controller may be configured to receive the telecom-
munication signal from the telecommunication network. In some instances, the remote
controller may be configured to accept a user input that generates an operation
command. For instance, the remote controller may be a server, a personal computer, or
a mobile terminal. The operation command may affect flight of the UAV or operation
of a payload of the UAV.

Aspects of the invention may further include a method of relaying communications
to an unmanned aerial vehicle (UAV), said method comprising: receiving, at a second
communication unit of a relay device, a telecommunication signal from over a
telecommunication network, wherein the telecommunications signal conveys a UAV
operation command; and transmitting, via a first communication unit of the relay
device, a wireless signal directly to the UAV, said wireless signal conveying the UAV
operation command.

Aspects of the invention may further include a relay device of relaying commu-
nications to an unmanned aerial vehicle (UAV), said relay device comprising: a second
communication configured to receive a telecommunication signal from over a telecom-
munication network, wherein the telecommunication signal conveys a UAV operation
command; and a first communication unit configured to transmit a wireless signal
directly to the UAYV, said wireless signal conveying the UAV operation command.

In some embodiments, the telecommunication network may be a cellular network. In
some embodiments, the first communication unit may be a wireless transceiver
dedicated to communication between the UAV and the relay device. For instance, the
wireless transceiver is a Wi-Fi transceiver, a radio frequency transceiver or a private
wireless transceiver. In some embodiments, the second communication unit is a
cellular communication unit.

In some embodiments, the relay device may be a stationary relay device. Alter-
natively, the relay device may be a mobile relay device. For instance, the mobile relay
device may be another unmanned aerial vehicle.

In some embodiments, the UAV operation command may affect flight of the UAV.
Alternatively, the UAV operation command may affect operation of a payload carried
by the UAV. Optionally, the UAV operation command may affect positioning of a
payload carried by the UAV, relative to the UAV.

In some embodiments, a remote controller may be configured to receive a user input

AXON EXHIBIT 1022, Page 9

Axon Enterprises, Inc. and Dedrone Holdings, Inc. v. Airspace Systems, Inc., |PR2025-00530



WO 2016/161637 PCT/CN2015/076335

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

that generates the UAV operation command. In some instances, the remote controller
may be a server, a personal computer, or a mobile terminal.

It shall be understood that different aspects of the invention can be appreciated indi-
vidually, collectively, or in combination with each other. Various aspects of the
invention described herein may be applied to any of the particular applications set forth
below or for any other types of movable objects. Any description herein of aerial
vehicles, such as unmanned aerial vehicles, may apply to and be used for any movable
object, such as any vehicle. Additionally, the systems, devices, and methods disclosed
herein in the context of aerial motion (e.g., flight) may also be applied in the context of
other types of motion, such as movement on the ground or on water, underwater
motion, or motion in space.

Other objects and features of the present invention will become apparent by a review
of the specification, claims, and appended figures.

INCORPORATION BY REFERENCE

All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication,
patent, or patent application was specifically and individually indicated to be in-
corporated by reference.

BRIEF DESCRIPTION OF THE DRAWING

The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth il-
lustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings of which:

FIG. 1 shows an illustration of relays positioned along a flight path of a UAV, in ac-
cordance with some embodiments of the invention.

FIG. 2 shows an illustration of providing communication coverage to a UAV by
disposing one relay, in accordance with some embodiments of the invention.

FIG. 3 shows an illustration of providing communication coverage to a UAV by
disposing more than one relays, in accordance with some embodiments of the
invention.

FIG. 4 shows an illustration of a ground relay disposed for an unmanned aerial
vehicle (UAV), in accordance with some embodiments of the invention.

FIG. 5 is a flow chart illustrating a method of providing communication coverage to
an unmanned aerial vehicle (UAV) by one or more ground relays, in accordance with
embodiments of the invention.

FIG. 6 shows an illustration of a mobile relay disposed for an unmanned aerial
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[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

10

vehicle (UAYV), in accordance with some embodiments of the invention.

FIG. 7 is a flow chart illustrating a method of providing communication coverage to
an unmanned aerial vehicle (UAV) by one or more mobile relays, in accordance with
embodiments of the invention.

FIG. 8 shows a block diagram of a relay device of relaying communications from an
unmanned aerial vehicle (UAV), in accordance with some embodiments of the
invention.

FIG. 9 is a flow chart illustrating a method of relaying communications from an
unmanned aerial vehicle (UAV), in accordance with embodiments of the invention.

FIG. 10 shows a block diagram of a relay device of relaying communications to an
unmanned aerial vehicle (UAV), in accordance with some embodiments of the
invention.

FIG. 11 is a flow chart illustrating a method of relaying communications to an
unmanned aerial vehicle (UAV), in accordance with embodiments of the invention.

FIG. 12 illustrates an appearance of UAV in accordance with embodiments of the
present invention.

FIG. 13 illustrates a movable object including a carrier and a payload, in accordance
with embodiments of the present invention.

FIG. 14 is a schematic illustration by way of block diagram of a system for con-
trolling a movable object, in accordance with embodiments of the present invention.
DETAILED DESCRIPTION

The systems and methods described herein may provide relays at positions where an
unmanned aerial vehicle (UAV) may not directly communicate with a communication
network such as a cellular communication network, to guarantee a communication
between the UAV and the communication network along an entire flight path of the
UAV. A method of providing communication coverage to a UAV may comprise
collecting information about a proposed flight path of a UAV, and determining one or
more locations for providing one or more relays based on a public communications
signal distribution along the flight path. In some embodiments, the relay may comprise
a first communication unit, such as a Wi-Fi unit, capable of directly communicating
with the UAV and a second communication unit, such as a cellular unit, capable of
communicating over a communication network. At positions where a quality of public
communication signal is satisfactory, the UAV may directly communicate with the
communication network. At positions having weak or no public communication signal,
the UAV may communicate with the relay over Wi-Fi, and then the relay may send the
communication from UAV to the communication network by cellular. This may permit
the UAV to have continuous and seamless communication with the communication

network along the entire flight path. In some embodiments, the relays may be
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stationary relays. Alternatively, the relays may be movable relays, such as other UAVs
having a Wi-Fi unit and a cellular unit onboard.

[0062]  The systems and methods described herein may also receive data from a UAV and
transmit the received data to a public communication network, or receive data from a
public communication network and transmit the received date to a UAV. The commu-
nication between the UAV and relay device may be carried over a first communication
link such as a Wi-Fi link, and the communication between the relay device and the
public communication network may be carried over a second communication link such
as a cellular link. The first and second communication may be of different types of
communication. A wireless signal data may be received from UAV and transmitted
over the communication network, and a communication signal may be received from a
remote controller over the communication network and transmitted to the UAV in a
rapid and stable way during the entire flight path of UAV, regardless of a distribution
of the communication signal, such as a quality of cellular communication signal over
the flight path.

[0063]  FIG. 1 shows an illustration of relays positioned along a flight path of a UAV, in ac-
cordance with some embodiments of the invention. In some embodiments, the UAV
120 may have a proposed or fixed flight path, such as a fixed flight path starting from
point A to point B as shown in FIG. 1. The proposed flight path of UAV may be
planned before the UAV taking off. In some instances, the proposed flight path of
UAYV may be planned for completing a particular mission, such as inspecting a power
line, package delivering, photograph, aerial surveillance or patrolling a national
boundary. For instance, the proposed flight path of UAV may be pre-registered with an
administrative authority or a commercial entity. The user may upload the proposed
flight path of UAV to an online administrative system, including information about the
proposed path of the flight, the proposed time window of the flight, the propose task of
the flight, the proposed altitude of the flight, an identification of the UAV, the model
of the UAV, and/or an identification of the user. The user may cancel the proposed
flight before the UAYV taking off or modify the details of the proposed flight before or
during the UAV’s flight. In some instances, the flight path of UAV may be planned by
considering a communication signal coverage, a remote controller signal coverage, an
aerial traffic control, a usage of free/commercial aerial path, a congestion of aerial
path, and/or a terrain condition along the aerial path. Alternatively, the flight path of
UAYV may be a random flight path. For instance, the UAV may be manually controlled
by a user through a remote controller in a real-time manner. In some instances, the
random flight path may not be pre-registered but may follow a set of administrative
rules.

[0064]  In some embodiments, the UAV may autonomously or semi-autonomously fly along
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a proposed path. For instance, the UAV may follow a proposed flight path by using a
real-time GPS (Global Positioning System) signal information during the flight. Alter-
natively, the UAV may be manually controlled to follow a proposed flight path or fly
randomly. In some instances, the flight path of the UAV may be in a form of a straight
line or a curve connecting the start point and an ending point. Optionally, the flight
path of the UAV may be in a form of random shape, such as an irregular shape
composed of a plurality of straight lines and curves. For instance, the flight path of
UAYV may not be a straight line connecting the start pint and ending point, but having a
plurality of turning points along the flight path.

[0065]  In some embodiments, the UAV may communicate with user terminals along the
entire flight path. The user terminals may include a remote controller, a control center,
a display device, a ground station, a communication base station, a communication
relay device, and/or a transceiver. In some embodiments, the user terminal may
connect to a communication network such as a cellular network. Alternatively, the user
terminal may directly communicate with the UAV. In some instances, the UAV may
communicate with the user terminals to transmit data collected by sensors onboard the
UAYV to a user terminal. For instance, the UAV may transmit images or videos
captured by an onboard camera to a monitoring device on the ground or a storage
device on the ground. For another instance, the UAV may transmit a GPS (Global Po-
sitioning System) information measured by an onboard GPS module to a monitoring
device on the ground, such that the user may monitor and track a flight of the UAV.
Optionally, the UAV may receive data transmitted from a user terminal. For instance,
operation commands may be transmitted from remote controller to the UAV to affect
an operation of the UAV, such as flight of the UAV or an operation of a payload of the
UAV. In some instances, the flight of UAV may include but not limited to a speed of
UAY, a translational and/or angular acceleration of UAV, an attitude of UAYV, a taking
off of UAV and/or a landing of UAV. In some instances, the operation of a payload
may include but not limited to changing a position of the payload relative to UAV, a
zooming in and/or zooming out of a camera, and/or a power on/off of a sensor.

[0066] In some embodiments, the UAV may communicate with a communication network
along the entire flight path. The communication network may be a cellular network, a
WLAN (Wireless Local Area Network) or Internet. In some instances, the UAV may
communicate with a communication network to transmit data collected by sensors
onboard the UAV to a user terminal, e.g., UAV location, UAV attitude, power level of
battery stack, if the user terminal is also connected to the communication network. For
instance, the UAV may transmit images or videos captured by an onboard camera to a
remote server or device on the communication network. Optionally, the UAV may

receive data transmitted from a remote server or device on the communication
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network. For instance, operation commands may be transmitted from remote device to
the UAV to affect a flight of the UAV or an operation of a payload of the UAV.

[0067] In some embodiments, the communication between a UAV and a user terminal may
be carried by any suitable means of communication, such as wired communication or
wireless communication, a direct communication or indirect communication. For
example, UAV may utilize one or more of local area networks (LAN), wide area
networks (WAN), infrared, radio, Wi-Fi, point-to-point (P2P) networks, commu-
nication networks, cloud communication, and the like to communicate with the user
terminal. Optionally, relay stations, such as towers, satellites, or mobile stations, may
be used. Wireless communications can be proximity dependent or proximity in-
dependent. In some embodiments, line-of-sight may or may not be required for com-
munications.

[0068] In some embodiments, the communication between a UAV and a user terminal may
be carried on over a dedicated link. In some instances, the dedicated link may be a
wireless link such as a Wi-Fi link, a RF (radio frequency) link, a Bluetooth link, a
ZigBee link, a private wireless link, a P2P network, or a WALN (Wireless Local Area
Network) link. For instance, a private wireless link may be a link developed and used
internal to an entity, a corporate or an organization. Optionally, the dedicated link may
be a wired link such as a twisted copper wire link or an optical fiber link. For instance,
the UAV may transmit data to or receive data from a ground station via a Wi-Fi link
which is established. For another instance, the UAV may receive an operation
command from a remote controller via a ZigBee link which is established between a
ZigBee module on the UAV and another ZigBee module on the remote controller.

[0069]  Alternatively, if both the UAV and user terminal are equipped with a cellular
module, the communication between the UAV and the user terminal may be carried
over a cellular link via a cellular network. For instance, the UAV may transmit the
captured image data or collected sensor data to a ground monitoring device via an
onboard cellular communication module. In this case, the captured image data or
collected sensor data may be firstly transmitted to a base station of a cell in which the
UAYV locates, then routed to a base station of a cell in which the ground monitoring
device locates, and sent to the ground monitoring device which is also equipped with a
cellular communication module.

[0070]  In some embodiments, a communication signal such as cellular signal may be
available along the entire flight path of the UAV 120. For instance, along the entire
flight path, a signal quality of cellular communication network may be above a prede-
termined threshold value and the UAV can directly communicate with the cellular
communication network via an onboard cellular communication unit. In this case, the

UAYV may directly communication with the communication network such as a cellular
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communication network along the entire flight path and send/receive data to/from a
user terminal which is connected to the communication network. For instance, the
UAYV may transmit data collected by sensors onboard the UAV to a remote server or
device through the cellular communication network, and receive operation command
from a remote server or device through the cellular communication network, along the
entire flight path. In some embodiments, the threshold may be a fixed value along
entire flight path of UAV. Alternatively, the threshold may be manually or auto-
matically changed according to a specific communication condition such as a weather
effect, a terrain condition, an altitude of the UAV, a congestion of cellular commu-
nication.

[0071]  Alternatively, a communication signal such as cellular signal may not always be
available along the entire flight path of the UAV 120. For instance, at one or more
locations along the flight path, a signal quality of cellular communication network may
fall beneath a predetermined threshold value and the UAV may not directly com-
municate with the cellular communication network. In this case, in order to maintain a
continuous communication with the communication network, one or more auxiliary
communication devices may be disposed to provide a communication between the
UAYV and the communication network at locations where the UAV cannot directly
communicate with the communication network. In some embodiments, an auxiliary
communication device may be a device having a capacity of receiving data from the
UAYV and transmitting data to the UAV via a communication link, and a capacity of
communicating with a communication network. At locations where the UAV cannot
directly communicate with the communication network, a bi-directional commu-
nication can be established between the UAV and the communication network via the
one or more auxiliary communication device.

[0072]  Alternatively, a communication signal such as cellular signal may not be available
along the entire flight path of the UAV 120. For instance, a signal quality of cellular
communication network may fall beneath a predetermined threshold value along the
entire flight path of UAV. In this case, one or more auxiliary communication devices
may be disposed along the flight path of UAV to provide a communication between
the UAV and the communication network. In some instance, the auxiliary commu-
nication devices may be connected with each other through a wired network. Along the
entire flight path, a bi-directional communication can be established between the UAV
and the communication network via the one or more auxiliary communication device.

[0073]  In some embodiments, the auxiliary communication device may be a ground commu-
nication device such as a relay, a transceiver, or a base station of cellular commu-
nication systems. A relay may be a device which can provide a communication link

between the UAV and the relay itself, and can directly communicate with the commu-
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nication network. In some instances, the ground communication device may be
stationary. For instance, the ground communication device may be installed at a fixed
position. Optionally, the ground communication device may be movable. For
instances, the ground communication device may be carried on a movable object such
as a vehicle. Alternatively, the auxiliary communication device may be an aerial com-
munication device. In some instances, the aerial communication device may be an
aerial vehicle, such as an unmanned aerial vehicle (UAV), carrying a communication
unit capable of directly communicating with the UAV. Optionally, the aerial commu-
nication device may be a communication device carried by an air balloon. In some
instances, the aerial communication device may be relatively stationary in the air. For
instance, the aerial communication device may stay or hover at a certain position in the
air. Optionally, the aerial communication device may be movable in the air. For
instance, the aerial communication device may fly to follow the UAV along the entire
or partial flight path of the UAV.

[0074]  Asillustrated in FIG. 1, two auxiliary communication devices such as relays 140,
142 may be disposed to provide the UAV a communication to the communication
network at locations where the UAV cannot directly communicate with the commu-
nication network. The relays 140 and 142 may each have a coverage 160 and 162, re-
spectively. In some embodiments, the relays 140, 142 may each be disposed at
locations have a quality of public communication signal that exceeds a threshold value.
For instance, the relays may each be disposed at locations where the cellular commu-
nication signal is strong, so that the relays may communicate with the cellular commu-
nication system. The communication signal of a relay may cover all or a part of a
region where the communication signal is not available to the UAV, and relay a com-
munication from and UAV to the communication network and a communication from
the communication network to the UAV. For instance, the UAV, which is flying at a
region having no direct access to the cellular communication system, may com-
municate with the relay via a dedicated communication link such as a Wi-Fi link, and
the relay may send the communication from UAV to the cellular communication
system. This may permit the UAV a communication with the cellular communication
network via the relay at locations where the UAV cannot directly communicate with
the cellular communication network.

[0075]  FIG. 2 shows an illustration of providing communication coverage to a UAV by
disposing one relay, in accordance with some embodiments of the invention. For
instances, the UAV 220 may fly along a flight path from point A to point C via point
B. The flight path may be covered by public communication signal at regions within a
first public communication coverage 280 and a second public communication coverage

282, except for a region between the first and second public communication coverages.
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In some embodiments, the public communication signal may be a telecommunication
signal such as a cellular signal.

[0076]  In some embodiments, the relay 240 may be disposed to provide communication at a
region between the first public communication coverage 280 and the second public
communication coverage 282 where no satisfactory communication signal is available
to the UAV. The relay 240 may have a signal coverage 260, which may cover the
region where the quality of the public communication signal falls beneath a threshold
value between the first and second public communication coverages. In some em-
bodiments, the relay may be disposed at a location having a quality of communication
signal that exceeds a threshold value. For instance, the relay 240 itself may be disposed
within the first public communication coverage 280 where the cellular signal is strong,
so that the relay may communicate with the cellular communication network. Here, the
quality of the public communication signal may be measure within a three-dimensional
airspace. In some instances, the quality of the public communication signal may be
measured or estimated at an altitude the UAV is flying along the flight path.

[0077]  In some embodiments, the UAV may directly communicate with the communication
network such as a cellular communication network when the UAV is flying within the
first and second public communication coverages where the quality of public commu-
nication signal exceeds a threshold value. When the UAYV is flying within a region out
of any public communication coverage where the quality of public communication
signal falls beneath the threshold value, the UAV may directly communicate with a
relay, and the relay may relay the UAV communication to the communication network.
By disposing a relay which has a signal coverage covering a region where a quality of
the public communication signal falls beneath a threshold value, a continuous and
seamless public communication may be maintained along the entire flight path of the
UAYV, even at locations the UAV cannot directly communicate with the public commu-
nication system.

[0078]  Alternatively, the UAV may not carry onboard a communication unit which can
communicate with the communication network such as a cellular communication
network. In this case, the UAV may communicate with one or more relays only , which
are provided along the flight path of the UAV, along the entire flight path.

[0079]  FIG. 3 shows an illustration of providing communication coverage to a UAV by
disposing more than one relays, in accordance with some embodiments of the
invention. For instances, the UAV 320 may fly along a flight path from point A to
point C via point B. The flight path may be covered by public communication signal at
regions within a first public communication coverage 380 and a second public commu-
nication coverage 382, except for a region between the first and second public commu-

nication coverages.
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[0080]  In some embodiments, one than one relays may be disposed to cover a region where
the quality of communication signal falls beneath a threshold value. The number of
relays to be disposed may be determined at least based on a coverage of a relay, a
disposing location of a relay within a public communication coverage, and a size of the
region where the quality of public communication signal falls beneath a threshold
value. In some instances, two relays may be disposed to provide communication to
UAYV at locations the quality of public communication signal falls beneath a threshold
value. The two relays themselves may be respectively disposed within two public com-
munication coverages, and may communicate with each other through the commu-
nication network. For instance, a plurality of cellular base stations, which provide a
plurality of cellular communication coverages, may communicate with each via a
backbone cellular network. Optionally, three or more relays may be disposed to
provide communication to UAV at locations the quality of public communication
signal falls beneath a threshold value. The three or more relays themselves may re-
spectively locate within three or more public communication coverages, and may com-
municate with each other through the communication network. Therefore, at locations
the UAV cannot directly communicate with the public communication system, the
UAYV may communicate with the public communication system via the relays which
communicate with each other.

[0081]  For instance, as shown in FIG. 3, the UAV 320 may not directly communicate with
the cellular communication network at a region out of a first public communication
coverage 380, a second public communication coverage 382 and a second public com-
munication coverage 384 where a quality of the cellular communication signal falls
beneath a threshold value. A first relay 340 having a first signal coverage 360 and a
second relay 342 having a second signal coverage 360 may be disposed to provide
communication to the UAV in the region where the quality of the communication
signal falls beneath the threshold value. The first relay 340 may be disposed within the
first public communication coverage 380 and the second relay 342 may be disposed
within the second public communication coverage 382 where the quality of the cellular
communication signal is above a threshold value.

[0082] In some instances, if the region between the first and second public communication
coverages where the quality of the cellular communication signal falls beneath the
threshold value may not be fully cover by the first and second signal coverages of the
first and second relays, a third relay 344 having a third signal coverage 364 may be
disposed to provide communication to the UAV at a region which is not covered by the
first and second signal coverages. The third relay may be disposed within a third public
communication coverage 384 where the quality of the communication signal is above a

threshold value. More relays may be disposed if the region at which the UAV cannot
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directly communicate with the communication network is not fully covered by the
first, second and third signal coverages of the first, second and third relays. Here, the
quality of the communication signal may be measure within a three-dimensional
airspace. In some instances, the quality of the public communication signal may be
measured or estimated at an altitude the UAV is flying along the flight path.

[0083]  In some embodiments, the plurality of relays may communicate with each through
the communication network. For instance, a plurality of cellular base stations, which
provide a plurality of cellular communication coverages, may communicate with each
other via a backbone communication network. This may permit the plurality of relays
communicate with each other through the cellular communication network even if the
plurality of cellular communication coverages are separate from each other, as shown
in FIG. 3. Alternatively, the plurality of relays may be connected and communicate
with each through a wired network. The inter-communication among the plurality of
relays may guarantee a continuous and seamless communication between the UAV and
the communication network such as a cellular communication network.

[0084]  In some embodiments, a communication between the UAV and the plurality of the
relays may switch among the plurality of the relays. A switching or handover between
adjacent relays may be implemented by various schemes. In some embodiments, the
handover between adjacent relays may be a hard handover. For instance, a hard
handover may be a handover in which the channel in the source relay coverage is
released and only then the channel in the target relay coverage is engaged. Alter-
natively, the between adjacent relays may be a soft handover. For instance, a soft
handover may be a handover in which the channel in the source relay coverage is
retained and used for a while in parallel with the channel in the target relay coverage.

[0085]  In some embodiments, the telecommunication operator may coordinate with the
UAYV to enhance an efficiency of UAV’s data uploading/downloading and achieve a
balance in traffic load of telecommunication network. For instance, the cellular cell
within which the UAV locates may bear a large communication traffic and thus may
not support a data uploading/downloading to/from the UAV. In this case, the UAV
may communicate with a relay, which is provided within a signal coverage of an
adjacent cellular cell bearing less communication traffic, and communicate with the
adjacent cellular cell through the relay. In some instances, the UAV may switch to the
relay, which is provided within a signal coverage of an adjacent cellular cell, based on
commands or real-time notices from the communication operator. Optionally, the UAV
may switch to the relay, which is provided within a signal coverage of an adjacent
cellular cell, based on communication condition measured by the UAV. For instance,
the UAV may switch to the relay, which is provided within a signal coverage of an

adjacent cellular cell, if the UAV fails to receive a requested bandwidth from the
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cellular cell within which the UAV locates.

[0086]  In some embodiments, the UAV may directly communicate with the communication
network such as a cellular communication network when the UAV is flying within
regions where the quality of public communication signal exceeds a threshold value.
When the UAV is flying within a region out of any public communication, the UAV
may directly communicate with one of the plurality of relays, and the relay may send
the UAV communication to the communication network. By disposing a plurality of
relays, which have signal coverages collectively covering a region where a quality of
the public communication signal falls beneath a threshold value, a continuous and
seamless public communication may be maintained between UAV and the public com-
munication network, even at locations the UAV cannot directly communicate with the
public communication system.

[0087]  FIG. 4 shows an illustration of a ground relay disposed for an unmanned aerial
vehicle (UAV), in accordance with some embodiments of the invention. The UAV 420
may have one or more propulsion units 422 that may permit the UAV to move about in
the air. The UAV may be a rotorcraft. In some instances, the UAV may be a multi-
rotor craft that may include a plurality of rotors. The plurality or rotors may be capable
of rotating to generate lift for the UAV, enabling the UAV to move about freely
through the air (e.g., with up to three degrees of freedom in translation and/or up to
three degrees of freedom in rotation). In some embodiments, the UAV may carry
onboard an image sensor 424 such as a camera, a dedicated communication unit 426
and a public communication unit 428. The dedicated communication unit may directly
communicate with one or more relays 440 via a dedicated link such as a Wi-Fi link.
The public communication unit 428 may directly communicate with a communication
network 460 at locations where a quality of public communication signal exceeds a
threshold value. In some embodiment, the public communication unit 428 may be a
cellular communication unit.

[0088]  In some embodiments, the relay 440 itself may be provided at a location having a
quality of public communication signal that exceeds a threshold value, so that the relay
may communicate with the communication network 460. In some instances, a relay
may be a device which can communicate with a public communication network and
can also provide a communication signal coverage. For instance, a relay may be com-
municate with a communication network such as a cellular communication network,
and meanwhile, the relay may provide a signal coverage so that other devices can com-
municate with the cellular communication network by communicating with the relay.
In some embodiments, the relay 440 may comprise a first communication unit 442
capable of directly communicating with the dedicated communication unit of the UAV,

and a second communication unit 444 connected to the first communication unit and
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capable of communicating over communication network 460 or a wired commu-
nication network.

[0089]  In some embodiments, the first communication unit 442 of the relay 440 may be a
wireless transceiver dedicated to a communication between the UAV and the relay
device. For instance, the first communication unit 442 of the relay 440 may directly
communicate with the dedicated communication unit 426 of the UAV. In some
instances, the wireless transceiver may be a Wi-Fi transceiver. Optionally, the wireless
transceiver may be a RF (radio frequency) transceiver. Optionally, the wireless
transceiver may be a private wireless transceiver. Accordingly, the dedicated commu-
nication unit 426 of the UAV 420 may be a Wi-Fi transceiver. Optionally, the
dedicated communication unit may be a RF (radio frequency) transceiver. Optionally,
the dedicated communication unit may be a private wireless transceiver.

[0090]  In some embodiments, the first communication unit 442 of the relay 440 may be
capable of receiving a signal directly from the UAV. The signal received from the
UAYV may be transmitted to communication network via the second communication
unit 444 connected to the first communication unit 442. In some instances, the signal
received from the UAV may include information about a multimedia file captured by
the UAV. For instance, the multimedia file may be images or videos captured by a
camera onboard the UAV. Optionally, the signal received from the UAV may include
sensor data collected by one or more sensors onboard the UAV. In some embodiments,
the first communication unit of the relay may be capable of transmitting a signal
directly to the UAV. In some instances, the signal transmitted to the UAV may include
one or more commands that effect an operation of the UAV. For instance, the one or
more commands may affect a flight of the UAV or an operation of a user terminal
controller which is configured to accept a user input. The user terminal such as a
remote controller may be connected to the communication network.

[0091]  In some embodiments, the second communication unit 444 of the relay 440 may a
cellular communication unit. The data received by the second communication unit may
be transmitted to the UAV via the first communication unit 442 which is connected to
the second communication unit. Alternatively, the second communication unit of the
relay may a wired communication unit which can communicate with other relays over
a wired network. In some instances, the second communication unit may be configured
to communicate with a remote controller over the communications network. Op-
tionally, the second communication unit may be configured to receive one or more
commands that affect operation of the UAV. For instance, a user may input UAV
operation commands into a remote controller such as a mobile phone or a personal
computer which is connected to the communication network. The UAV operation

commands may be transmitted from the remote controller to the second commu-
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nication unit of the relay through the communication network, and then to the UAV via
the dedicated communication link established between the first communication unit of
the relay and the dedicated communication unit of the UAV, such that the UAV may
operate according to user’s UAV operation commands. In some instances, the second
communication unit may be configured to transmit information about a multimedia file
captured by the UAV. Optionally, the second communication unit may be configured
to transmit sensor data collected by one or more sensors onboard the UAV. For
instance, images or videos captured by a camera onboard the UAV and various sensor
date collected by sensors onboard the UAV may be transmitted from the dedicated
communication unit of the UAV to the first communication unit of the relay, and then
to the communication network through the second communication unit of the relay,
such that the images and video may be shared on a social network or viewed by the
user.

[0092]  As discussed herein above, by providing one or more relays along the flight path of
UAYV based on a communication signal distribution, the UAV may communicate with
the communication network along the entire flight path. In some instances, at locations
where a quality of public communication exceeds a threshold value, the UAV may
directly communicate with the communication network through the onboard public
communication unit. Optionally, at locations where a quality of public communication
falls beneath the threshold value, the UAV may communicate with the communication
network through the one or more relays which are provided based on a communication
signal distribution along the flight path.

[0093]  Alternatively, the UAV may not carry onboard a public communication unit which
can directly communicate with a communication network. In this case, the UAV may
only communicate with one or more relays along the entire flight path. For instance,
one or more relays may be disposed along the flight path of UAV to provide a
continuous signal coverage to the UAV, and the UAV may communicate with the
communication network via the one or more relays only along the entire flight path.
The one or more relays may be deployed along the flight path of UAV prior to the
flight of UAV if no telecommunication signal is available to UAV along the flight path
of the UAV or if a reliable private communication are desired. In some instances, the
relays may communicate with each other by a wired network. For instance, the second
communication unit of the relay may a wired communication unit.

[0094]  In some embodiments, an identification of the UAV may be authenticated through
the entire flight path. In some instances, when the UAYV flies at location where the
UAY can directly communicate with the communication network, the identification of
the UAV may be authenticated by checking and confirming the identification with an

authentication center on the communication network. For instance, if the authentication
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fails, the UAV may be forced to land. Optionally, when the UAYV flies at location
where the UAV cannot directly communicate with the communication network, the
identification of the UAV may be performed by one or more relays which may com-
municate with the communication network. For instance, the one or more relays may
request an identification of the UAV which communicates with the one or more relays,
and send the identification of the UAV to an authentication center on the commu-
nication network.

[0095]  In some embodiments, the UAV 420 comprising the dedicated communication unit
426 and the public communication unit 428 may provide a communication coverage to
a user terminal 480. In some instances, the user terminal may be a remote controller, a
personal computer, or a mobile device.

[0096]  In some embodiments, the user terminal may comprise a fifth communication unit
482 which may directly communicate with the dedicated communication unit 426 via a
dedicated link such as a Wi-Fi link. The user terminal having no public communication
capacity may communicate with the communication network via the UAV. For
instances, at locations where the UAV can directly communicate with the cellular com-
munication network, the user terminal may directly communicate with the UAV by a
Wi-Fi link established between the fifth communication unit of the user terminal and
the dedicated communication unit of the UAV, then the UAV may send the commu-
nication from the user terminal to the cellular communication network by a cellular
link established between the public communication unit of UAV and the cellular com-
munication network. Optionally, the user terminal may communicate with the commu-
nication network via both the UAV and the relay 440. For instances, at locations where
the UAV cannot directly communicate with the cellular communication system, the
user terminal may directly communicate with the UAV by a Wi-Fi link established
between the fifth communication unit of the user terminal and the dedicated commu-
nication unit of the UAV, then the UAV may send the communication from the user
terminal to the relay by a Wi-Fi link established between the dedicated communication
unit of the UAV and the first communication unit of the relay, and then the relay may
send the communication from the UAYV to the cellular communication network by a
cellular link established between the second communication unit of the relay and the
cellular communication network. Therefore, since the UAV may directly communicate
with the communication network or communicate with the communication network via
one or more relays during the entire flight path, a user terminal which can directly
communicate with the UAV may also communicate with the communication network
via the UAV. For instance, the user terminal may get access to Internet via the UAV
even if the user terminal does not have a public communication capacity.

[0097]  Alternatively, the fifth communication unit 482 of the user terminal 480 may directly
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communicate with the first communication unit 442 of the relay 440. In some
instances, the user terminal may communicate with the relay via a dedicated link es-
tablished between the fifth communication unit of the user terminal and the first com-
munication unit of the relay, then the second communication unit 444 of the relay may
send the communication from the user terminal to the communication network, and
vice versa.

[0098] In some embodiments, in addition to the fifth communication unit 482 which may
directly communicate with the dedicated communication unit 426 of the UAV via a
dedicated link such as a Wi-Fi link, the user terminal may comprise a six commu-
nication unit 484 which may communicate with the public communication system
network. For instance, the six communication unit may be a cellular communication
unit which may communicate with the cellular communication network. In some
instances, the user terminal such as a mobile phone may receive a user’s input and
transmit the user’s input to the UAV via the communication network, at locations
where the UAV can directly communicate with the communication network. In some
embodiments, the user’s input may be flight command that may affect an operation of
the UAV or an operation of payloads of the UAV. For instances, a user may input a
flight command to a user terminal such as a mobile phone, the flight command may be
transmitted to the cellular network via a cellular link between the mobile phone and the
cellular network and then to the UAV via a cellular link between the cellular network
and the UAV. Optionally, the user terminal such as a mobile phone may receive a
user’s input and transmit the user’s input to the UAV via the relay, at locations where
the UAV cannot directly communicate with the communication network. For
instances, a user may input a flight command to a user terminal such as a mobile
phone, the flight command may be transmitted to the cellular network via a cellular
link between the mobile phone and the cellular network, then to the relay via the
cellular link between the cellular network and the relay, and then to the UAV viaa Wi-
Fi link between the relay and the UAV.

[0099]  FIG. 5 is a flow chart illustrating a method of providing communication coverage to
an unmanned aerial vehicle (UAV) by one or more ground relays, in accordance with
embodiments of the invention. In some embodiments, a proposed flight path of a UAV
may be collected, and one or more locations for providing one or more relays may be
determined based on a public communications signal distribution along the flight path.
In some embodiments, the method 500 of providing communication coverage to UAV
may be performed by a system. Alternatively, the method 500 of providing commu-
nication coverage to UAV may be performed by a single apparatus such as another
UAV.

[0100]  In step 502, a proposed flight path of a UAV may be collected. In some em-
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bodiments, the UAV may have a proposed flight path which is planned before the
UAYV taking off. In some instances, the proposed path of UAV may be planned for
completing a particular mission, such as inspecting a power line, package delivering,
or patrolling a national boundary, etc. The proposed flight path may be fixed after it is
planned.

[0101]  In step 504, a communication signal distribution along the proposed flight path of the
UAYV may be determined. In some embodiments, the communication signal dis-
tribution may be a cellular signal distribution along the proposed flight path of the
UAYV. Alternatively, the communication signal distribution may be a quality of cellular
signal. Optionally, the communication signal distribution may be a degree of
congestion in communication capacity. Here, the communication signal distribution
may be measure within a three-dimensional airspace. In some instances, commu-
nication signal distribution may be measured or estimated at an altitude the UAV is
flying along the flight path.

[0102]  In some embodiments, determining the communication signal distribution along the
proposed flight path may include detecting one or more areas where a quality of com-
munication signal falls beneath a threshold value. For instance, if the UAV is flying
within a region where the quality of cellular signal falls beneath a threshold value, the
UAYV may not directly communicate with the cellular communication network, and a
relay may be needed to relay the UAV communication to the cellular communication
network. In some instances, the information about one or more areas where a quality of
communication signal falls beneath a threshold value may be collected by analyzing
information about a distribution of base stations and coverages of base stations in the
cellular communication network. Optionally, the information about one or more areas
where a quality of communication signal falls beneath a threshold value may be
collected from a cellular service provider. For instance, the user may plan a flight path
of UAYV, input the planned flight path to an online enquiry system provided by the
cellular service provider, and obtain necessary information about a cellular commu-
nication coverage and/or a cellular signal distribution along the flight path.

[0103]  Alternatively, determining the communication signal distribution may include flying
another aerial vehicle along the proposed flight path to collect the communications
signal distribution. For instance, after a flight path of UAV is planned, a testing aerial
vehicle such as a UAV may fly along the planned flight path to collect necessary in-
formation. The testing aerial vehicle may carry a device for measuring a quality of the
communication network, and collect the information about a cellular communication
coverage and/or a cellular signal distribution along the planned flight path, such that
the communication signal distribution along the planned flight path may be collected
before UAV is taking off.
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[0104]  Alternatively, determining the communication signal distribution may include incor-
porating past experience data collective from other UAVs. Alternatively, determining
the communication signal distribution may include incorporating past experience data
collective from a communication service provider. For instance, after a flight path of
UAYV is planned, the user may input the planned flight path to an online enquiry
system. The online enquiry system may be an information sharing platform for sharing
past communication signal distribution information associated with locations, which
may be collected from past flights of other UAVs or past experience data collective
from a communication service provider.

[0105]  Alternatively, determining the communication signal distribution may include
receiving a preset setting of a communication service provider. For instance, the com-
munication service provider may set one or more areas as “areas to avoid” in view that
the one or more areas may normally have a large number of communication users and
thus a congestion in communication may happen. The settings for the one or more
areas may be received from the communication service provider, and one or more
relays may be accordingly disposed to provide communications for UAV in the one or
more areas, such that the UAV may communicate with telecommunication network
through the one or more relays when the UAV is flying within the one or more areas.

[0106]  Alternatively, determining the communication signal distribution along the proposed
flight path includes detecting one or more areas where an available bandwidth for the
UAV falls beneath a threshold value. In some instances, the UAV may not be assigned
with a requested bandwidth at an area where a quality of communication signal is
above a predetermined value. For instance, a lack of communication resource such as a
bandwidth may happen due to a large number of communication users within a cellular
cell. In this case, although the quality of communication signal is satisfactory within
the cellular cell, the UAV may have to communicate with another cell in view that the
requested bandwidth cannot be satisfied within the cellular cell.

[0107]  Alternatively, determining the communication signal distribution may include de-
termining the communications signal distribution based on real-time notice from a
communication service provider. In some instances, the communication signal dis-
tribution at a location may vary. For instance, a quality of communication signal at a
location may vary due to a weather change. For another instance, a degree of
congestion in communication capacity at a particular location may vary due to a
change in a number of communication users at this location. In some embodiments, a
change in the communication signal distribution at a particular location or along a
flight path may be determined based on real-time notice from a communication service
provider.

[0108]  Optionally, determining the communication signal distribution may include detecting
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a quality of communications network along the proposed flight path of the UAV. In
some instances, detecting a quality of communications network along the proposed
flight path of the UAV may include flying another aerial vehicle along the proposed
flight path to collect the information about quality of communications network. For
instance, after a flight path of UAV is planned, a testing aerial vehicle such as a UAV
may fly along the planned flight path to collect necessary information about the quality
of communications network. The testing aerial vehicle may carry a device for
measuring a quality of communications network, and collect the information about a
communication coverage and/or a communication signal distribution along the planned
flight path, such that the communication signal distribution along the planned flight
path may be collected before formally flying the UAV which undertake a mission.

[0109] In step 506, one or more locations for providing one or more relays may be de-
termined based on the communications signal distribution determined in step 504. In
some embodiments, the one or more relays may be stationary. For instance, the one or
more relays may be disposed at fixed locations where a quality of public commu-
nications signal exceeds a threshold value for the one or more relays and a signal
coverage of the one or more relays may cover one or more areas where a quality of
public communications signal is below a threshold value for the UAV. Alternatively,
the one or more relays may be movable. For instance, the one or more relays may be
carried on a movable object such as a ground vehicle. For another instance, the one or
more relays may be other aerial vehicles such as UAVs.

[0110] In some embodiments, each of the one or more relays may provide (1) a first commu-
nication mode capable of directly communicating with the UAV, and (2) a second
communication mode capable of communicating over a communications network, to
improve communications signal distribution along the proposed flight path of the
UAY, as discussed hereinabove. In some instance, for a location where a quality of
public communications signal is below a threshold value for the UAV, a relay may be
provided to provide a communication between the UAV and the relay. Therefore, the
UAYV may communicate with the public communications system via the relay even at
locations where a quality of public communications signal is below a threshold value
for the UAV.

[0111]  In some embodiments, the method 500 of providing communication coverage to a
UAYV may further comprise modifying the proposed flight path of the UAV. In some
instance, if the communications signal distribution of the original proposed flight path
is not satisfactory, the user may modify the original proposed flight path of the UAV.
For instance, if it is determined that a plurality of relays should be provided at a large
number of locations along the original proposed flight path in step 506, then the

original proposed flight path may be modified to reduce the number of relays to be
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provided so as to reduce a cost. In some embodiments, the method 500 of providing
communication coverage to a UAV may further comprise modifying the one or more
locations of the one or more relays based on the modification to the proposed flight
path of the UAV. For instance, if the original proposed flight path of the UAV is to be
modified to reduce the number of relays, the one or more locations for providing the
one or more relays may be modified based on the new proposed flight path of the UAV
by performing similar steps as steps 502, 504 and 506.

[0112]  In some embodiments, the method of providing communication coverage to a UAV
by determining one or more locations for providing one or more relays at one or more
locations based on the communications signal distribution may be performed by a
single apparatus. In some instances, the apparatus may be an aerial vehicle such as an
unmanned aerial vehicle (UAV). In some embodiments, the apparatus may comprise
one or more processors configured to, individually or collectively, perform the steps
502, 504 and 506 as discussed hereinabove. For instance, a testing UAV may comprise
one or more processors configured to, individually or collectively, collect a proposed
flight path of the UAV, determine a communication signal distribution along the
proposed flight path of the UAV, and generate signals for providing one or more relays
at one or more locations based on the communications signal distribution. A user
terminal may deploy one or more relay based on the signal indicative of the one or
more locations as generated by the testing UAV.

[0113]  Alternatively, the method of providing communication coverage to a UAV by de-
termining one or more locations for providing one or more relays at one or more
locations based on the communications signal distribution may be performed by a
system. In some embodiments, the system may comprise an aerial vehicle configured
to collect a communications signal distribution along a proposed flight path of the
UAYV, and a device configured to determine one or more locations for providing one or
more relay devices based on the communications signal distribution.

[0114]  FIG. 6 shows an illustration of a mobile relay disposed for an unmanned aerial
vehicle (UAV), in accordance with some embodiments of the invention. The UAV 620
may have one or more propulsion units 622 that may permit the UAV to move about in
the air. In some embodiments, the UAV may carry onboard an image sensor 624 such
as a camera, a dedicated communication unit 626 and a cellular communication unit
628. The dedicated communication unit may directly communicate with one or more
mobile relays 640 via a dedicated link such as a Wi-Fi link. The cellular commu-
nication unit 628 may directly communicate with a communication network 660 such
as a cellular network at locations where a quality of public communication signal
exceeds a threshold value.

[0115]  In some embodiments, the mobile relay 640 may be an unmanned aerial vehicle
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(UAYV) carrying a first communication unit 644 capable of directly communicating
with the dedicated communication unit of the UAV, and a second communication unit
646 connected to the first communication unit and capable of communicating over
communication network 660.

[0116]  In some embodiments, the first communication unit 644 of the mobile relay 640 may
be a wireless transceiver dedicated to a communication between the UAV and the
mobile relay. In some instances, the wireless transceiver may be a Wi-Fi transceiver.
Optionally, the wireless transceiver may be a RF (radio frequency) transceiver. Op-
tionally, the wireless transceiver may be a private wireless transceiver. Accordingly,
the dedicated communication unit 626 of the UAV 620 may be a Wi-Fi transceiver.
Optionally, the dedicated communication unit may be a RF (radio frequency)
transceiver. Optionally, the dedicated communication unit may be a private wireless
transceiver.

[0117]  In some embodiments, the first communication unit 644 of the mobile relay 640 may
be capable of receiving a signal directly from the UAV. The signal received from the
UAYV may be transmitted to communication network via the second communication
unit 646. In some instances, the signal received from the UAV may include in-
formation about a multimedia file captured by the UAV. For instance, the multimedia
file may be images or videos captured by a camera onboard the UAV. Optionally, the
signal received from the UAV may include sensor data collected by one or more
sensors onboard the UAV. In some embodiments, the first communication unit of the
mobile relay may be capable of transmitting a signal directly to the UAV. In some
instances, the signal transmitted to the UAV may include one or more commands that
effect an operation of the UAV. For instance, the one or more commands may affect a
flight of the UAV or an operation of a payload of the UAV. In some instances, the one
or more commands may originate from a remote controller which is configured to
accept a user input.

[0118] In some embodiments, the second communication unit 646 of the mobile relay 640
may a cellular communication unit. The data received by the second communication
unit may be transmitted to the UAV via the first communication unit 644. In some
instances, the second communication unit may be configured to communicate with a
remote controller over the communications network. Optionally, the second commu-
nication unit may be configured to receive one or more commands that effect operation
of the UAV. For instance, a user may input UAV operation commands into a remote
controller such as a mobile phone or a personal computer which is connected to the
communication network. The user’s UAV operation commands may be transmitted
from the remote controller to the second communication unit of the mobile relay

through the communication network, and then to the UAV via the dedicated commu-
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nication link between the first communication unit of the mobile relay and the
dedicated communication unit of the UAV, such that the UAV may be operated
according to user’s UAV operation commands. In some instances, the second commu-
nication unit may be configured to transmit information about a multimedia file
captured by the UAV. Optionally, the second communication unit may be configured
to transmit sensor data collected by one or more sensors onboard the UAV. For
instance, images or videos captured by a camera onboard the UAV and various sensor
date collected by sensors onboard the UAV may be transmitted from the dedicated
communication unit of the UAV to the first communication unit of the mobile relay,
and then to the communication network through the second communication unit of the
mobile relay, such that the images and video may be shared on a social network or
viewed by the user.

[0119] By providing one or more mobile relays based on the communication signal dis-
tribution, the UAV may communicate with the communication network along the
entire flight path. In some instances, at locations where a quality of public commu-
nication exceeds a threshold value, the UAV may directly communicate with the com-
munication network through the onboard public communication unit. Optionally, at
locations where a quality of public communication falls beneath the threshold value,
the UAV may communicate with the communication network through the one or more
mobile relays which fly within a proximity of the UAV.

[0120]  In some embodiments, a flight path of the UAV may be a proposed flight path which
is scheduled before the UAYV taking off. Alternatively, a flight path of the UAV may
be a ransom flight path. For instance, a flight of the UAV may be controlled by a user
in a real-time manner.

[0121] In some embodiments, the one or more locations of the one or more mobile relays
may change over time while the UAYV is in flight. In some instances, the one or more
mobile relays may stay within a proximity of the UAV while the UAV is in flight. For
instance, the mobile relay may stay within a certain distance from the UAV while the
UAYV is in flight, such that the UAV and the mobile relay may directly communicate
with each other via the dedicated link established between the dedicated commu-
nication unit of the UAV and the first communication unit of the mobile relay while
the UAV is in flight. Optionally, the locations of the one or more mobile relays may
permit each of the mobile relays to have a quality of public communications signal that
exceeds a threshold value. For instance, the mobile relay itself may stay at a location or
a region having a good quality of cellular signal so that the mobile relay may com-
municate with the cellular communication network while the UAYV is in flight. Op-
tionally, the locations of the one or more mobile relays may permit each of the mobile

relays to have a ground communication load falling beneath a threshold value. For
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instance, the mobile relay may stay at locations or regions where a degree of
congestion in communication capacity of the cellular communication network falls
beneath a certain value while the UAV is in flight.

[0122]  In some embodiments, an identification of the UAV may be authenticated through
the entire flight path. In some instances, when the UAYV flies at location where the
UAY can directly communicate with the communication network, the identification of
the UAV may be authenticated by checking and confirming the identification with an
authentication center on the communication network. For instance, if the authentication
fails, the UAV may be forced to land. Optionally, when the UAV flies at location
where the UAV cannot directly communicate with the communication network, the
identification of the UAV may be performed by one or more mobile relays which may
communicate with the communication network. For instance, the one or more mobile
relays may request an identification of the UAV which directly communicates with the
one or more mobile relays, and send the identification of the UAV to an authentication
center on the communication network.

[0123]  In some embodiments, since the UAV may directly communicate with the commu-
nication network or communicate with the communication network via one or more
mobile relays during the entire flight path, a user terminal which can directly com-
municate with the UAV may also communicate with the communication network via
the UAV even if the user terminal does not have a public communication capacity. In
some instances, the user terminal such as a remote controller, a personal computer, or a
mobile device may comprise a fifth communication unit 682 which may directly com-
municate with the dedicated communication unit 426 via a dedicated link such as a Wi-
Fi link. For instances, at locations where the UAV can directly communicate with the
cellular communication network, a communication from the user terminal may be
received by the UAV via a dedicated link established between the fifth communication
unit of the user terminal and the dedicated communication unit of the UAV, and then
relayed to the cellular communication network via a cellular link established between
the cellular communication unit of the UAV and the cellular communication network.
Optionally, at locations where the UAV cannot directly communicate with the cellular
communication network, a communication from the user terminal may be received by
the UAV via a dedicated link established between the fifth communication unit of the
user terminal and the dedicated communication unit of the UAV, then relayed to the
mobile relay via a dedicated link established between the dedicated communication
unit of the UAV and the first communication unit of the mobile relay, and then relayed
to the cellular communication network via a cellular link established between the
cellular communication unit of the UAV and the cellular communication network.

[0124]  Alternatively, the fifth communication unit 682 of the user terminal 680 may directly
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communicate with the first communication unit 642 of the mobile relay 640. In some
instances, the user terminal having no public communication capacity may com-
municate with the mobile relay via a dedicated link established between the fifth com-
munication unit of the user terminal and the first communication unit of the mobile
relay, then the second communication unit 644 of the mobile relay may relay the com-
munication from the user terminal to the communication network.

[0125] In some embodiments, in addition to the fifth communication unit 682 which may
directly communicate with the dedicated communication unit 626 of the UAV via a
dedicated link such as a Wi-Fi link, the user terminal may comprise a six commu-
nication unit 684 which may communicate with the public communication system
network. In some instances, the user terminal such as a mobile phone may receive a
user’s input and transmit the user’s input to the UAV via the communication network,
at locations where the UAV can directly communicate with the communication
network. For instances, a user may input a flight command to a user terminal such as a
mobile phone, the flight command may be transmitted to the cellular network via a
cellular link between the mobile phone and the cellular network and then to the UAV
via a cellular link between the cellular network and the UAV. Optionally, the user
terminal such as a mobile phone may receive a user’s input and transmit the user’s
input to the UAV via the mobile relay, at locations where the UAV cannot directly
communicate with the communication network. For instances, a user may input a flight
command to a user terminal such as a mobile phone, the flight command may be
transmitted to the cellular network via a cellular link between the mobile phone and the
cellular network, then to the mobile relay via the cellular link between the cellular
network and the relay, and then to the UAV via a Wi-Fi link between the mobile relay
and the UAV.

[0126]  In some embodiments, the UAV 620 may communicate with the communication
network 660 via the user terminal 680 which comprises the fifth communication unit
682 and the six communication unit 684, at locations where the user terminal can com-
municate with the communication network. The user terminal may be a remote
controller, a personal computer, a server, or a mobile device. In some embodiments,
the fifth communication unit of the user terminal may directly communicate with the
dedicated communication unit 626 of the UAV 620, and the six communication unit of
the user terminal may communicate with the public communication system network. In
some instances, the UAV may directly communicate with the user terminal through a
dedicated link established between the dedicated communication unit of the UAV and
the fifth communication unit 682, and the user terminal may then communicate with
the communication network though a public communication link between the six com-

munication unit of the user terminal and the communication network, at locations
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where the user terminal can communicate with the communication network.

[0127]  In some embodiments, the UAV 620 may communicate with the communication
network 660 via a second user terminal which can communicate with the mobile relay,
at locations where the second user terminal can communicate with the communication
network. In some instances, as shown in FIG. 6, the second user terminal 681, which
can communicate with the mobile relay 640, may comprise a seventh communication
unit 683 and an eighth communication unit 685. The second user terminal 681 may be
a remote controller, a personal computer, a server, or a mobile device. In some em-
bodiments, the sixth communication unit of the second user terminal may directly
communicate with the first communication unit 644 of the mobile relay 642, and the
eighth communication unit of the second user terminal may communicate with the
public communication system network. In some instances, the UAV may directly com-
municate with the mobile relay through a dedicated link established between the
dedicated communication unit of the UAV and the first communication unit 644, and
the mobile relay may then communicate with the second user terminal 681 through a
dedicated link established between the first communication unit of the mobile relay
and the seventh communication unit 683 of the second user terminal, and then the user
terminal may communicate with communication network though a public commu-
nication link between the eighth communication unit of the second user terminal and
the communication network, at locations where the second user terminal 681 can com-
municate with the communication network.

[0128]  As discussed hereinabove, the UAV may communicate with the communication
network without a relay of the one or more mobile relays if the UAV can directly com-
municate with the communication network or the UAV can communicate with the
communication network via the user terminal. In some instances, the user terminal may
be a device which can directly communicate with the UAV through a dedicated com-
munication link other than a public communication link.

[0129] As discussed hereinabove, the UAV may communicate with the communication
network via a relay of the one or more mobile relays if the UAV can communicate
with the communication network via one or more mobile relays only or the UAV can
communicate with the communication network via the one or more mobile relays and
the second user terminal. In some instances, the second user terminal may be a device
which can directly communicate with the mobile relays through a dedicated commu-
nication link other than a public communication link.

[0130]  FIG. 7 is a flow chart illustrating a method of providing communication coverage to
an unmanned aerial vehicle (UAV) by one or more mobile relays, in accordance with
embodiments of the invention. In some embodiments, a location of the UAV may be

collected while the UAV is in flight, a communication signal distribution in a
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proximity of the UAV may be determined, and one or more locations for providing one
or more mobile relays may be determined based on the communication signal dis-
tribution, while the UAV is in flight. In some embodiments, the method 700 of
providing communication coverage to UAV may be performed by a system or a single
apparatus such as another UAV.

[0131]  In step 702, a location of the UAV may be collected while the UAV is in flight. In
some embodiment, the location information of the UAV may be collected from a GPS
(Global Positioning System) module onboard the UAV. Alternatively, the location in-
formation of the UAV may be collected by one or more mobile relays which may
follow the UAV while the UAV is in flight. Alternatively, the location information of
the UAV may be collected from a proposed or scheduled flight path of the UAV. Op-
tionally, the location information of the UAV may be collected by user terminals such
as a radar.

[0132]  In step 704, a communication signal distribution in a proximity of the UAV may be
determined. In some embodiments, the communication signal distribution may be a
quality of cellular signal in a proximity of the UAV. Alternatively, the communication
signal distribution may be a degree of congestion in communication capacity in a
proximity of the UAV.

[0133]  In some embodiments, determining a communications signal distribution in a
proximity of the UAV may include detecting a quality of communications network in a
proximity of the UAV. In some instances, the quality of communications network in a
proximity of the UAV may be detected by one or more mobile relays which may
follow the UAV while the UAV is in flight.

[0134]  Alternatively, determining a communications signal distribution in a proximity of the
UAYV may include incorporating past experience data collective from other UAVs. Al-
ternatively, determining a communications signal distribution in a proximity of the
UAY includes incorporating past experience data collective from a communication
service provider. For instance, the information about a communications signal dis-
tribution may be received from an online enquiry system. The online enquiry system
may be an information sharing platform for sharing past communication signal dis-
tribution information associated with locations, which may be collected from past
flights of UAVs or past experience data collective from a communication service
provider.

[0135]  Optionally, determining a communications signal distribution in a proximity of the
UAYV includes determining the communications signal distribution based on real-time
notice from a communication service provider. In some instances, the communication
signal distribution at a location may vary. For instance, a quality of communication

signal at a location may vary due to a weather change. For another instance, a degree
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of congestion in communication capacity at a particular location may vary due to a
change in a number of communication users at this location. In some embodiments, a
change in the communication signal distribution at a particular location or along a
flight path may be determined based on real-time notice from a communication service
provider.

[0136] In step 706, one or more locations for providing one or more mobile relays may be
determined based on the communication signal distribution, while the UAV is in flight.
In some embodiments, the mobile relay may be an aerial vehicle such as a UAV which
comprises a public communication unit and a dedicated communication unit. In some
embodiments, the one or more mobile relays may be disposed at fixed locations where
a quality of public communications signal exceeds a threshold value for the one or
more mobile relays and a signal coverage of the one or more relays may cover one or
more areas where a quality of the public communications signal is below a threshold
value for the UAV. For instance, the one or more mobile relays may be provided at
fixed locations as determined and may not fly around, and provide a cellular commu-
nication relay for the UAV while the UAV is flying within a region where the UAV
cannot directly communicate with the cellular communication system. Alternatively,
the one or more mobile relays may be movable over one or more aerial paths. For
instance, a mobile relay may fly along an aerial path in order to follow the UAV within
a range of the aerial path, and provide a cellular communication relay for the UAV
while the UAYV is flying within a region where the UAV cannot directly communicate
with the cellular communication system. Within the range of the aerial path, the mobile
relays may directly communicate with the public communication system.

[0137]  In some embodiments, the one or more mobile relays may be provided at an altitude
lower than the UAV. Alternatively, the one or more mobile relays may be provided at
an altitude substantially identical to the UAV. Optionally, the one or more mobile
relays may be provided at an altitude higher than the UAV. In some embodiments, the
one or more mobile relays may be provided at a location ahead of the UAV while the
UAYV is in flight. Alternatively, the one or more mobile relays may be provided at a
location behind of the UAV while the UAV is in flight. Optionally, the one or more
mobile relays may be provided at a location at a lateral side of the UAV while the
UAYV is in flight.

[0138]  In some embodiments, each of the one or more mobile relays may provide (1) a first
communication mode capable of directly communicating with the UAV and (2) a
second communication mode capable of communicating over a communication
network, to improve communications signal distribution along a flight path of the
UAV. At a location where the UAV cannot directly communicate with the commu-

nication network, more than one mobile relays may be provided to cover a larger
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region where the more than one mobile relays may provide relay of public commu-
nication to the UAV.

[0139]  In some embodiments, the method 700 of providing communication coverage to an
unmanned aerial vehicle (UAV) by one or more mobile relays may further comprise
determining whether the UAV is capable of communications over the communication
network at a predetermined level of quality based on the communication signal dis-
tribution. In some instances, when the UAV is capable of communications over the
communication network at the predetermined level of quality, the UAV may be
permitted to communicate over the communication network without using the one or
more mobile relays. Optionally, when the UAV is not capable of communications over
the communication network at the predetermined level of quality, the UAV may be
permitted to communicate with the first communication unit of the one or more mobile
relays. The first communication unit of the mobile relay may be a dedicated commu-
nication unit which can establish a dedicated link with the UAV.

[0140]  In some embodiments, the method 700 of providing communication coverage to an
unmanned aerial vehicle (UAV) by one or more mobile relays may further comprise
determining whether the UAV is capable of direct communications with a remote
controller at a predetermined level of quality. In some instances, when the UAV is
capable of directly communicating with the remote controller at the predetermined
level of quality, the UAV may be permitted to communicate directly with the remote
controller without using the one or more relays. Optionally, when the UAV is not
capable of directly communicating with the remote controller at the predetermined
level of quality, the UAV may be permitted to communicate with the first commu-
nication unit of the one or more relays. For instance, a user terminal as shown in FIG. 6
may relay a communication from the UAV to the public communication system when
the UAV is capable of directly communicating with the user terminal at the prede-
termined level of quality and the user terminal can communicate with the public com-
munication system, as discussed hereinabove.

[0141]  FIG. 8 shows a block diagram of a relay device of relaying communications from an
unmanned aerial vehicle (UAV), in accordance with some embodiments of the
invention. In some embodiments, the relay device 820 may relay communications from
an unmanned aerial vehicle (UAV) to a communication network. In some instances,
the relay device may be a stationary relay device. Optionally, the relay device may be a
movable relay device such as a relay device carried on a movable vehicle. Optionally,
the relay device may be a mobile relay device such as another UAV.

[0142]  In some embodiments, the relay device 820 may comprise a first communication unit
822 and a second communication unit 824 which is connected to the first commu-

nication unit. In some embodiments, the first communication unit may be configured to
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receive a wireless signal directly from the UAV. The wireless signal received from the
UAYV may convey a digital file information such as image or video captured by a
camera onboard the UAV or sensor data collected by various sensors onboard the
UAYV. In some instances, the first communication unit may be a wireless transceiver
dedicated to communication between the UAV and the relay device, such as a Wi-Fi
transceiver. In some embodiments, the second communication unit may be configured
to transmit a public communication signal over a public network. The public commu-
nication signal may convey the digital file information. In some embodiments, the
communication network may be a cellular network, and the second communication
unit may be a cellular communication unit.

[0143]  In some embodiments, a remote controller may be configured to receive the public
communication signal from the public network. In some instances, the remote
controller may be configured to accept a user input that generates a UAV operation
command. For instance, the remote controller may be a server, a personal computer, or
a mobile terminal.

[0144]  FIG. 9 is a flow chart illustrating a method of relaying communications from an
unmanned aerial vehicle (UAV), in accordance with embodiments of the invention.

[0145]  In some embodiments, in step 902, a wireless signal directly from the UAV may be
received at a first communication unit of a relay device. In some embodiments, in step
904, a communications signal over a public network may be transmitted via a second
communication unit of the relay device. In some embodiments, the communications
signal may conveys the wireless signal.

[0146]  FIG. 10 shows a block diagram of a relay device of relaying communications to an
unmanned aerial vehicle (UAV), in accordance with some embodiments of the
invention. In some embodiments, the relay device 1020 may relay communications
from a communication network to an unmanned aerial vehicle (UAV). In some
instances, the relay device may be a stationary relay device. Optionally, the relay
device may be a movable relay device such as a relay device carried on a movable
vehicle. Optionally, the relay device may be a mobile relay device such as another
UAV.

[0147]  In some embodiments, the relay device 1020 may comprise a second communication
unit 1024 and a first communication unit 1022 which is connected to the second com-
munication unit. In some embodiments, the second communication unit may be
configured to receive a public communication signal from over a public network. In
some instances, the public network may be a communications network. For instance,
the communication network may be a cellular network, and the second communication
unit may be a cellular communication unit. In some embodiments, the first commu-

nication unit may be a wireless transceiver dedicated to communication between the
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UAY and the relay device, such as a Wi-Fi transceiver.

[0148]  In some embodiments, the public communication signal may convey a UAV
operation command. In some instances, the UAV operation command may affect a
flight of the UAV. Optionally, the UAV operation command may affect an operation
of a payload carried by the UAV. Optionally, the UAV operation command may affect
a positioning of a payload carried by the UAYV, relative to the UAV. For instances, the
UAYV operation command may affect a rotation of a gimbal carried by the UAV. In
some embodiments, a remote controller may be configured to receive a user input that
generates the UAV operation command.

[0149]  FIG. 11 is a flow chart illustrating a method of relaying communications to an
unmanned aerial vehicle (UAV), in accordance with embodiments of the invention.

[0150]  In some embodiments, in step 1102, a communications signal from over a public
network may be received at a second communication unit of a relay device. In some
instances, the communications signal may convey a UAV operation command. In
some embodiments, in step 1104, a wireless signal directly to the UAV, said wireless
signal conveying the UAV operation command may be transmitted via a first commu-
nication unit of the relay device.

[0151]  The systems, devices, and methods described herein can be applied to a wide variety
of objects, including movable objects and stationary objects. As previously mentioned,
any description herein of an aerial vehicle, such as a UAV, may apply to and be used
for any movable object. Any description herein of an aerial vehicle may apply
specifically to UAVs. A movable object of the present invention can be configured to
move within any suitable environment, such as in air (e.g., a fixed-wing aircraft, a
rotary-wing aircraft, or an aircraft having neither fixed wings nor rotary wings), in
water (e.g., a ship or a submarine), on ground (e.g., a motor vehicle, such as a car,
truck, bus, van, motorcycle, bicycle; a movable structure or frame such as a stick,
fishing pole; or a train), under the ground (e.g., a subway), in space (e.g., a spaceplane,
a satellite, or a probe), or any combination of these environments. The movable object
can be a vehicle, such as a vehicle described elsewhere herein. In some embodiments,
the movable object can be carried by a living subject, or take off from a living subject,
such as a human or an animal. Suitable animals can include avines, canines, felines,
equines, bovines, ovines, porcines, delphines, rodents, or insects.

[0152]  The movable object may be capable of moving freely within the environment with
respect to six degrees of freedom (e.g., three degrees of freedom in translation and
three degrees of freedom in rotation). Alternatively, the movement of the movable
object can be constrained with respect to one or more degrees of freedom, such as by a
predetermined path, track, or orientation. The movement can be actuated by any

suitable actuation mechanism, such as an engine or a motor. The actuation mechanism
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of the movable object can be powered by any suitable energy source, such as electrical
energy, magnetic energy, solar energy, wind energy, gravitational energy, chemical
energy, nuclear energy, or any suitable combination thereof. The movable object may
be self-propelled via a propulsion system, as described elsewhere herein. The
propulsion system may optionally run on an energy source, such as electrical energy,
magnetic energy, solar energy, wind energy, gravitational energy, chemical energy,
nuclear energy, or any suitable combination thereof. Alternatively, the movable object
may be carried by a living being.

[0153] In some instances, the movable object can be an aerial vehicle. For example, aerial
vehicles may be fixed-wing aircraft (e.g., airplane, gliders), rotary-wing aircraft (e.g.,
helicopters, rotorcraft), aircraft having both fixed wings and rotary wings, or aircraft
having neither (e.g., blimps, hot air balloons). An aerial vehicle can be self-propelled,
such as self-propelled through the air. A self-propelled aerial vehicle can utilize a
propulsion system, such as a propulsion system including one or more engines, motors,
wheels, axles, magnets, rotors, propellers, blades, nozzles, or any suitable combination
thereof. In some instances, the propulsion system can be used to enable the movable
object to take off from a surface, land on a surface, maintain its current position and/or
orientation (e.g., hover), change orientation, and/or change position.

[0154]  The movable object can be controlled remotely by a user or controlled locally by an
occupant within or on the movable object. The movable object may be controlled
remotely via an occupant within a separate vehicle. In some embodiments, the movable
object is an unmanned movable object, such as a UAV. An unmanned movable object,
such as a UAV, may not have an occupant onboard the movable object. The movable
object can be controlled by a human or an autonomous control system (e.g., a
computer control system), or any suitable combination thereof. The movable object
can be an autonomous or semi-autonomous robot, such as a robot configured with an
artificial intelligence.

[0155]  The movable object can have any suitable size and/or dimensions. In some em-
bodiments, the movable object may be of a size and/or dimensions to have a human
occupant within or on the vehicle. Alternatively, the movable object may be of size
and/or dimensions smaller than that capable of having a human occupant within or on
the vehicle. The movable object may be of a size and/or dimensions suitable for being
lifted or carried by a human. Alternatively, the movable object may be larger than a
size and/or dimensions suitable for being lifted or carried by a human. In some
instances, the movable object may have a maximum dimension (e.g., length, width,
altitude, diameter, diagonal) of less than or equal to about: 2 cm, 5 cm, 10 cm, 50 cm, 1
m, 2 m, 5 m, or 10 m. The maximum dimension may be greater than or equal to about:

2 cm, Scm, 10 cm, 50 cm, 1 m, 2 m, 5 m, or 10 m. For example, the distance between
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shafts of opposite rotors of the movable object may be less than or equal to about: 2
cm, 5 cm, 10 cm, 50 cm, 1 m, 2 m, 5 m, or 10 m. Alternatively, the distance between
shafts of opposite rotors may be greater than or equal to about: 2 cm, 5 cm, 10 cm, 50
cm, 1 m,2m, 5 m, or 10 m.

[0156]  In some embodiments, the movable object may have a volume of less than 100 cm x
100 cm x 100 cm, less than 50 cm x 50 cm x 30 cm, or less than S5cm x 5 ¢cm x 3 cm.
The total volume of the movable object may be less than or equal to about: 1 cm?, 2 cm
3,5 cm?, 10 cm3, 20 cm3, 30 cm?, 40 cm?, 50 cm?, 60 cm3, 70 cm?, 80 cm?, 90 cm?, 100
cm?, 150 cm3, 200 cm?, 300 cm?, 500 cm?, 750 cm?, 1000 cm?3, 5000 cm3, 10,000 cm?,
100,000 cm?, 1 m?, or 10 m*. Conversely, the total volume of the movable object may
be greater than or equal to about: 1 cm?, 2 cm?, 5 cm?, 10 cm?, 20 cm?, 30 cm?, 40 cm?,
50 cm?, 60 cm?, 70 cm?, 80 cm?, 90 cm?, 100 cm?, 150 cm?, 200 cm?, 300 cm3, 500 cm?,
750 cm3, 1000 cm3, 5000 cm?, 10,000 cm3, 100,000 cm?3, 1 m3, or 10 m3.

[0157]  In some embodiments, the movable object may have a footprint (which may refer to
the lateral cross-sectional area encompassed by the movable object) less than or equal
to about: 32,000 cm?, 20,000 cm?, 10,000 cm?, 1,000 cm?, 500 cm?, 100 cm?2, 50 cm?,
10 cm?, or 5 cm?. Conversely, the footprint may be greater than or equal to about:
32,000 cm?, 20,000 cm?, 10,000 cm?2, 1,000 cm?2, 500 cm?2, 100 cm?, 50 cm?, 10 cm?, or
S cm?.

[0158]  In some instances, the movable object may weigh no more than 1000 kg. The weight
of the movable object may be less than or equal to about: 1000 kg, 750 kg, 500 kg, 200
kg, 150 kg, 100 kg, 80 kg, 70 kg, 60 kg, 50 kg, 45 kg, 40 kg, 35 kg, 30 kg, 25 kg, 20
kg, 15 kg, 12 kg, 10 kg, 9 kg, 8 kg, 7 kg, 6 kg, 5 kg, 4 kg, 3 kg, 2 kg, 1 kg, 0.5 kg, 0.1
kg, 0.05 kg, or 0.01 kg. Conversely, the weight may be greater than or equal to about:
1000 kg, 750 kg, 500 kg, 200 kg, 150 kg, 100 kg, 80 kg, 70 kg, 60 kg, 50 kg, 45 kg, 40
kg, 35 kg, 30 kg, 25 kg, 20 kg, 15 kg, 12 kg, 10 kg, 9 kg, 8 kg, 7 kg, 6 kg, 5 kg, 4 kg, 3
kg, 2 kg, 1 kg, 0.5 kg, 0.1 kg, 0.05 kg, or 0.01 kg.

[0159]  In some embodiments, a movable object may be small relative to a load carried by
the movable object. The load may include a payload and/or a carrier, as described in
further detail elsewhere herein. In some examples, a ratio of a movable object weight
to a load weight may be greater than, less than, or equal to about 1:1. In some
instances, a ratio of a movable object weight to a load weight may be greater than, less
than, or equal to about 1:1. Optionally, a ratio of a carrier weight to a load weight may
be greater than, less than, or equal to about 1:1. When desired, the ratio of an movable
object weight to a load weight may be less than or equal to: 1:2, 1:3, 1:4, 1:5, 1:10, or
even less. Conversely, the ratio of a movable object weight to a load weight can also be
greater than or equal to: 2:1, 3:1, 4:1, 5:1, 10:1, or even greater.

[0160]  In some embodiments, the movable object may have low energy consumption. For
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example, the movable object may use less than about: 5 W/h, 4 W/h, 3 W/h, 2 W/h, 1
W/h, or less. In some instances, a carrier of the movable object may have low energy
consumption. For example, the carrier may use less than about: 5 W/h, 4 W/h, 3 W/h, 2
W/h, 1 W/h, or less. Optionally, a payload of the movable object may have low energy
consumption, such as less than about: 5 W/h, 4 W/h, 3 W/h, 2 W/h, 1 W/h, or less.

[0161]  FIG. 12 illustrates an unmanned aerial vehicle (UAV) 1200, in accordance with em-
bodiments of the present invention. The UAV may be an example of a movable object
as described herein, to which the method and apparatus of discharging a battery
assembly may be applied. The UAV 1200 can include a propulsion system having four
rotors 1202, 1204, 1206, and 1208. Any number of rotors may be provided (e.g., one,
two, three, four, five, six, or more). The rotors, rotor assemblies, or other propulsion
systems of the unmanned aerial vehicle may enable the unmanned aerial vehicle to
hover/maintain position, change orientation, and/or change location. The distance
between shafts of opposite rotors can be any suitable length 1210. For example, the
length 1210 can be less than or equal to 2 m, or less than equal to 5 m. In some em-
bodiments, the length 1210 can be within a range from 40 cm to 1 m, from 10 cm to 2
m, or from 5 cm to 5 m. Any description herein of a UAV may apply to a movable
object, such as a movable object of a different type, and vice versa. The UAV may use
an assisted takeoff system or method as described herein.

[0162]  In some embodiments, the movable object can be configured to carry a load. The
load can include one or more of passengers, cargo, equipment, instruments, and the
like. The load can be provided within a housing. The housing may be separate from a
housing of the movable object, or be part of a housing for a movable object. Alter-
natively, the load can be provided with a housing while the movable object does not
have a housing. Alternatively, portions of the load or the entire load can be provided
without a housing. The load can be rigidly fixed relative to the movable object. Op-
tionally, the load can be movable relative to the movable object (e.g., translatable or
rotatable relative to the movable object). The load can include a payload and/or a
carrier, as described elsewhere herein.

[0163]  In some embodiments, the movement of the movable object, carrier, and payload
relative to a fixed reference frame (e.g., the surrounding environment) and/or to each
other, can be controlled by a terminal. The terminal can be a remote control device at a
location distant from the movable object, carrier, and/or payload. The terminal can be
disposed on or affixed to a support platform. Alternatively, the terminal can be a
handheld or wearable device. For example, the terminal can include a smartphone,
tablet, laptop, computer, glasses, gloves, helmet, microphone, or suitable combinations
thereof. The terminal can include a user interface, such as a keyboard, mouse, joystick,

touchscreen, or display. Any suitable user input can be used to interact with the
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terminal, such as manually entered commands, voice control, gesture control, or
position control (e.g., via a movement, location or tilt of the terminal).

[0164]  The terminal can be used to control any suitable state of the movable object, carrier,
and/or payload. For example, the terminal can be used to control the position and/or
orientation of the movable object, carrier, and/or payload relative to a fixed reference
from and/or to each other. In some embodiments, the terminal can be used to control
individual elements of the movable object, carrier, and/or payload, such as the
actuation assembly of the carrier, a sensor of the payload, or an emitter of the payload.
The terminal can include a wireless communication device adapted to communicate
with one or more of the movable object, carrier, or payload.

[0165]  The terminal can include a suitable display unit for viewing information of the
movable object, carrier, and/or payload. For example, the terminal can be configured to
display information of the movable object, carrier, and/or payload with respect to
position, translational velocity, translational acceleration, orientation, angular velocity,
angular acceleration, or any suitable combinations thereof. In some embodiments, the
terminal can display information provided by the payload, such as data provided by a
functional payload (e.g., images recorded by a camera or other image capturing
device).

[0166]  Optionally, the same terminal may both control the movable object, carrier, and/or
payload, or a state of the movable object, carrier and/or payload, as well as receive
and/or display information from the movable object, carrier and/or payload. For
example, a terminal may control the positioning of the payload relative to an en-
vironment, while displaying image data captured by the payload, or information about
the position of the payload. Alternatively, different terminals may be used for different
functions. For example, a first terminal may control movement or a state of the
movable object, carrier, and/or payload while a second terminal may receive and/or
display information from the movable object, carrier, and/or payload. For example, a
first terminal may be used to control the positioning of the payload relative to an en-
vironment while a second terminal displays image data captured by the payload.
Various communication modes may be utilized between a movable object and an in-
tegrated terminal that both controls the movable object and receives data, or between
the movable object and multiple terminals that both control the movable object and
receives data. For example, at least two different communication modes may be
formed between the movable object and the terminal that both controls the movable
object and receives data from the movable object.

[0167]  FIG. 13 illustrates a movable object 1300 including a carrier 1302 and a payload
1304, in accordance with embodiments of the present invention. Although the movable

object 1300 is depicted as an aircraft, this depiction is not intended to be limiting, and
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any suitable type of movable object can be used, as previously described herein. One
of skill in the art would appreciate that any of the embodiments described herein in the
context of aircraft systems can be applied to any suitable movable object (e.g., an
UAYV). In some instances, the payload 1304 may be provided on the movable object
1300 without requiring the carrier 1302. The movable object 1300 may include
propulsion mechanisms 1306, a sensing system 1308, and a communication system
1310.

[0168]  The propulsion mechanisms 1306 can include one or more of rotors, propellers,
blades, engines, motors, wheels, axles, magnets, or nozzles, as previously described.
The movable object may have one or more, two or more, three or more, or four or
more propulsion mechanisms. The propulsion mechanisms may all be of the same
type. Alternatively, one or more propulsion mechanisms can be different types of
propulsion mechanisms. The propulsion mechanisms 1306 can be mounted on the
movable object 1300 using any suitable means, such as a support element (e.g., a drive
shaft) as described elsewhere herein. The propulsion mechanisms 1306 can be
mounted on any suitable portion of the movable object 1300, such on the top, bottom,
front, back, sides, or suitable combinations thereof.

[0169]  In some embodiments, the propulsion mechanisms 1306 can enable the movable
object 1300 to take off vertically from a surface or land vertically on a surface without
requiring any horizontal movement of the movable object 1300 (e.g., without traveling
down a runway). Optionally, the propulsion mechanisms 1306 can be operable to
permit the movable object 1300 to hover in the air at a specified position and/or ori-
entation. One or more of the propulsion mechanisms 1300 may be controlled inde-
pendently of the other propulsion mechanisms. Alternatively, the propulsion
mechanisms 1300 can be configured to be controlled simultaneously. For example, the
movable object 1300 can have multiple horizontally oriented rotors that can provide
lift and/or thrust to the movable object. The multiple horizontally oriented rotors can
be actuated to provide vertical takeoff, vertical landing, and hovering capabilities to the
movable object 1300. In some embodiments, one or more of the horizontally oriented
rotors may spin in a clockwise direction, while one or more of the horizontally rotors
may spin in a counterclockwise direction. For example, the number of clockwise rotors
may be equal to the number of counterclockwise rotors. The rotation rate of each of the
horizontally oriented rotors can be varied independently in order to control the lift and/
or thrust produced by each rotor, and thereby adjust the spatial disposition, velocity,
and/or acceleration of the movable object 1300 (e.g., with respect to up to three
degrees of translation and up to three degrees of rotation).

[0170]  The sensing system 1308 can include one or more sensors that may sense the spatial

disposition, velocity, and/or acceleration of the movable object 1300 (e.g., with respect
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to up to three degrees of translation and up to three degrees of rotation). The one or
more sensors can include global positioning system (GPS) sensors, motion sensors,
inertial sensors, proximity sensors, or image sensors. The sensing data provided by the
sensing system 1308 can be used to control the spatial disposition, velocity, and/or ori-
entation of the movable object 1300 (e.g., using a suitable processing unit and/or
control module, as described below). Alternatively, the sensing system 1308 can be
used to provide data regarding the environment surrounding the movable object, such
as weather conditions, proximity to potential obstacles, location of geographical
features, location of manmade structures, and the like.

[0171]  The communication system 1310 enables communication with terminal 1312 having
a communication system 1314 via wireless signals 1316. The communication systems
1310, 1314 may include any number of transmitters, receivers, and/or transceivers
suitable for wireless communication. The communication may be one-way commu-
nication, such that data can be transmitted in only one direction. For example, one-way
communication may involve only the movable object 1300 transmitting data to the
terminal 1312, or vice-versa. The data may be transmitted from one or more
transmitters of the communication system 1310 to one or more receivers of the com-
munication system 1312, or vice-versa. Alternatively, the communication may be two-
way communication, such that data can be transmitted in both directions between the
movable object 1300 and the terminal 1312. The two-way communication can involve
transmitting data from one or more transmitters of the communication system 1310 to
one or more receivers of the communication system 1314, and vice-versa.

[0172] In some embodiments, the terminal 1312 can provide control data to one or more of
the movable object 1300, carrier 1302, and payload 1304 and receive information from
one or more of the movable object 1300, carrier 1302, and payload 1304 (e.g., position
and/or motion information of the movable object, carrier or payload; data sensed by the
payload such as image data captured by a payload camera). In some instances, control
data from the terminal may include instructions for relative positions, movements, ac-
tuations, or controls of the movable object, carrier and/or payload. For example, the
control data may result in a modification of the location and/or orientation of the
movable object (e.g., via control of the propulsion mechanisms 1306), or a movement
of the payload with respect to the movable object (e.g., via control of the carrier 1302).
The control data from the terminal may result in control of the payload, such as control
of the operation of a camera or other image capturing device (e.g., taking still or
moving pictures, zooming in or out, turning on or off, switching imaging modes,
change image resolution, changing focus, changing depth of field, changing exposure
time, changing viewing angle or field of view). In some instances, the communications

from the movable object, carrier and/or payload may include information from one or
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more sensors (e.g., of the sensing system 1308 or of the payload 1304). The commu-
nications may include sensed information from one or more different types of sensors
(e.g., GPS sensors, motion sensors, inertial sensor, proximity sensors, or image
sensors). Such information may pertain to the position (e.g., location, orientation),
movement, or acceleration of the movable object, carrier and/or payload. Such in-
formation from a payload may include data captured by the payload or a sensed state
of the payload. The control data provided transmitted by the terminal 1312 can be
configured to control a state of one or more of the movable object 1300, carrier 1302,
or payload 1304. Alternatively or in combination, the carrier 1302 and payload 1304
can also each include a communication module configured to communicate with
terminal 1312, such that the terminal can communicate with and control each of the
movable object 1300, carrier 1302, and payload 1304 independently.

[0173]  In some embodiments, the movable object 1300 can be configured to communicate
with another remote device in addition to the terminal 1312, or instead of the terminal
1312. The terminal 1312 may also be configured to communicate with another remote
device as well as the movable object 1300. For example, the movable object 1300 and/
or terminal 1312 may communicate with another movable object, or a carrier or
payload of another movable object. When desired, the remote device may be a second
terminal or other computing device (e.g., computer, laptop, tablet, smartphone, or other
mobile device). The remote device can be configured to transmit data to the movable
object 1300, receive data from the movable object 1300, transmit data to the terminal
1312, and/or receive data from the terminal 1312. Optionally, the remote device can be
connected to the Internet or other communications network, such that data received
from the movable object 1300 and/or terminal 1312 can be uploaded to a website or
server.

[0174]  FIG. 14 is a schematic illustration by way of block diagram of a system 1400 for
controlling a movable object, in accordance with embodiments of the present
invention. The system 1400 can be used in combination with any suitable embodiment
of the systems, devices, and methods disclosed herein. The system 1400 can include a
sensing module 1402, processing unit 1404, non-transitory computer readable medium
1406, control module 1408, and communication module 1410.

[0175]  The sensing module 1402 can utilize different types of sensors that collect in-
formation relating to the movable objects in different ways. Different types of sensors
may sense different types of signals or signals from different sources. For example, the
sensors can include inertial sensors, GPS sensors, proximity sensors (e.g., lidar), or
vision/image sensors (e.g., a camera). The sensing module 1402 can be operatively
coupled to a processing unit 1404 having a plurality of processors. In some em-

bodiments, the sensing module can be operatively coupled to a transmission module
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1412 (e.g., a Wi-Fi image transmission module) configured to directly transmit sensing
data to a suitable external device or system. For example, the transmission module
1412 can be used to transmit images captured by a camera of the sensing module 1402
to a remote terminal.

[0176]  The processing unit 1404 can have one or more processors, such as a programmable
processor (e.g., a central processing unit (CPU)). The processing unit 1404 can be op-
eratively coupled to a non-transitory computer readable medium 1406. The non-
transitory computer readable medium 1406 can store logic, code, and/or program in-
structions executable by the processing unit 1404 for performing one or more steps.
The non-transitory computer readable medium can include one or more memory units
(e.g., removable media or external storage such as an SD card or random access
memory (RAM)). In some embodiments, data from the sensing module 1402 can be
directly conveyed to and stored within the memory units of the non-transitory
computer readable medium 1406. The memory units of the non-transitory computer
readable medium 1406 can store logic, code and/or program instructions executable by
the processing unit 1404 to perform any suitable embodiment of the methods described
herein. For example, the processing unit 1404 can be configured to execute instructions
causing one or more processors of the processing unit 1404 to analyze sensing data
produced by the sensing module. The memory units can store sensing data from the
sensing module to be processed by the processing unit 1404. In some embodiments,
the memory units of the non-transitory computer readable medium 1406 can be used to
store the processing results produced by the processing unit 1404.

[0177]  In some embodiments, the processing unit 1404 can be operatively coupled to a
control module 908 configured to control a state of the movable object. For example,
the control module 908 can be configured to control the propulsion mechanisms of the
movable object to adjust the spatial disposition, velocity, and/or acceleration of the
movable object with respect to six degrees of freedom. Alternatively or in com-
bination, the control module 1408 can control one or more of a state of a carrier,
payload, or sensing module.

[0178]  The processing unit 1404 can be operatively coupled to a communication module
1410 configured to transmit and/or receive data from one or more external devices
(e.g., a terminal, display device, or other remote controller). Any suitable means of
communication can be used, such as wired communication or wireless communication.
For example, the communication module 1410 can utilize one or more of local area
networks (LAN), wide area networks (WAN), infrared, radio, WiFi, point-to-point
(P2P) networks, communication networks, cloud communication, and the like. Op-
tionally, relay stations, such as towers, satellites, or mobile stations, can be used.

Wireless communications can be proximity dependent or proximity independent. In
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some embodiments, line-of-sight may or may not be required for communications. The
communication module 1410 can transmit and/or receive one or more of sensing data
from the sensing module 1402, processing results produced by the processing unit
1404, predetermined control data, user commands from a terminal or remote controller,
and the like.

[0179]  The components of the system 1400 can be arranged in any suitable configuration.
For example, one or more of the components of the system 1400 can be located on the
movable object, carrier, payload, terminal, sensing system, or an additional external
device in communication with one or more of the above. Additionally, although FIG.
14 depicts a single processing unit 1404 and a single non-transitory computer readable
medium 1406, one of skill in the art would appreciate that this is not intended to be
limiting, and that the system 1400 can include a plurality of processing units and/or
non-transitory computer readable media. In some embodiments, one or more of the
plurality of processing units and/or non-transitory computer readable media can be
situated at different locations, such as on the movable object, carrier, payload,
terminal, sensing module, additional external device in communication with one or
more of the above, or suitable combinations thereof, such that any suitable aspect of
the processing and/or memory functions performed by the system 900 can occur at one
or more of the aforementioned locations.

[0180]  While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments
are provided by way of example only. Numerous variations, changes, and substitutions
will now occur to those skilled in the art without departing from the invention. It
should be understood that various alternatives to the embodiments of the invention
described herein may be employed in practicing the invention. It is intended that the
following claims define the scope of the invention and that methods and structures

within the scope of these claims and their equivalents be covered thereby.
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Claims

A method of providing communication coverage to an unmanned aerial
vehicle (UAV), said method comprising:

collecting a proposed flight path of the UAV;

determining a communication signal distribution along the proposed
flight path of the UAV; and

determining one or more locations for providing one or more relays
based on the communication signal distribution to improve commu-
nication signal distribution along the proposed flight path of the UAV.
The method of claim 1, wherein each of the one or more relays
comprises (1) a first communication unit capable of directly commu-
nicating with the UAV and (2) a second communication unit capable of
communicating over a telecommunication network or a wired commu-
nication network.

The method of claim 1, further comprising modifying the proposed
flight path of the UAV.

The method of claim 3, further comprising modifying the one or more
locations for providing the one or more relays based on the modi-
fication to the proposed flight path of the UAV.

The method of claim 1, wherein the one or more relays are stationary.
The method of claim 1, wherein the one or more relays are mobile.
The method of claim 6, wherein the one or more relays are other
UAVs.

The method of claim 2, wherein a plurality of the relays communicate
with each other via the second communication units.

The method of claim 8, wherein a communication between the UAV
and the plurality of the relays switches among the plurality of the
relays.

The method of claim 1, wherein a communication between the UAV
and a telecommunication network switches to a communication
between the UAV and the one or more relays when the UAV fails to
receive a predetermined amount of communication resource from the
telecommunication network.

The method of claim 1, wherein the communication signal distribution
is a cellular signal distribution.

The method of claim 1, wherein determining the communication signal

distribution along the proposed flight path includes detecting one or
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more areas where a quality of communication signal falls beneath a
threshold value.

The method of claim 12, wherein the threshold value varies for the one
or more areas.

The method of claim 1, wherein determining the communication signal
distribution includes flying another aerial vehicle along the proposed
flight path to collect the communication signal distribution.

The method of claim 1, wherein determining the communication signal
distribution includes incorporating past experience data collective from
other UAVs.

The method of claim 1, wherein determining the communication signal
distribution includes incorporating past experience data collective from
a communication service provider or receiving a preset setting of a
communication service provider.

The method of claim 1, wherein determining the communication signal
distribution along the proposed flight path includes detecting one or
more areas where an available bandwidth for the UAV falls beneath a
threshold value.

The method of claim 1, wherein determining the communication signal
distribution includes determining the communication signal distribution
based on real-time notice from a communication service provider.

The method of claim 1, wherein determining the communication signal
distribution includes detecting a quality of telecommunication network
signal along the proposed flight path of the UAV.

The method of claim 1, wherein determining one or more locations for
providing one or more relays includes determining one or more
locations where a quality of communication signal exceeds a threshold
value.

The method of claim 2, wherein the first communication unit is a
wireless transceiver dedicated to communication between the UAV and
the relay device.

The method of claim 21, wherein the wireless transceiver is a Wi-Fi
transceiver.

The method of claim 21, wherein the wireless transceiver is a private
wireless transceiver.

The method of claim 21, wherein the wireless transceiver is a radio
frequency transceiver.

The method of claim 21, wherein the wireless transceiver directly com-
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municates with a remote controller comprising a communication unit
capable of directly communicating with the wireless transceiver.

The method of claim 2, wherein the second communication unit is a
cellular communication unit.

The method of claim 26, wherein the cellular communication unit is
configured to communicate with a remote controller over the telecom-
munication network.

The method of claim 26, wherein the cellular communication unit is
configured to receive one or more commands that effect operation of
the UAV.

The method of claim 26, wherein the cellular communication unit is
configured to transmit information about a multimedia file captured by
the UAV.

The method of claim 26, wherein the cellular communication unit is
configured to transmit sensor data collected by one or more sensors
onboard the UAV.

The method of claim 2, wherein the first communication unit is capable
of receiving a signal directly from the UAV.

The method of claim 31, wherein the signal includes information about
a multimedia file captured by the UAV.

The method of claim 31, wherein the signal includes sensor data
collected by one or more sensors onboard the UAV.

The method of claim 2, wherein the first communication unit is capable
of transmitting a signal directly to the UAV.

The method of claim 34, wherein the signal includes one or more
commands that affect operation of the UAV.

The method of claim 35, wherein the one or more commands affect
flight of the UAV.

The method of claim 35, wherein the one or more commands affect
operation of a payload of the UAV.

The method of claim 35, wherein the one or more commands originate
from a remote controller configured to accept a user input.

The method of claim 1, wherein the one or more relays are provided at
locations having a quality of communication signals that exceeds a
threshold value.

The method of claim 39, wherein threshold value varies for different
locations.

The method of claim 39, wherein the communication signal distribution
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along the proposed path includes one or more areas with poor telecom-
munication for the UAV.

The method of claim 41, wherein the one or more relays are provided at
locations where signal coverage of the one or more relays cover the one
or more areas with poor telecommunication for the UAV.

The method of claim 1, wherein the communication signal distribution
is within a three-dimensional airspace.

The method of claim 43, wherein the communication signal distribution
is at an altitude of the flight path of the UAV.

The method of claim 1, wherein the one or more relays authenticate an
identification of the UAV.

The method of claim 2, wherein the UAV comprises a third commu-
nication unit capable of directly communicating with the first commu-
nication unit of the relay.

The method of claim 46, wherein the UAV comprises a fourth commu-
nication unit capable of communicating with the telecommunication
network.

The method of claim 47, wherein the one or more relays are provided at
locations where the one or more relays are capable of receiving signals
from the UAV via the first communication unit and transmitting a
signal via the second communication unit when the UAYV is not capable
of communicating over the telecommunication network.

The method of claim 47, wherein the one or more relays are provided at
locations where the one or more relays are capable of sending signals to
the UAV via the first communication unit and receiving a signal via the
second communication unit when the UAV is not capable of commu-
nicating over the telecommunication network.

The method of claim 47, wherein the fourth communication unit is a
cellular communication unit.

The method of claim 47, wherein the third communication unit directly
communicates with a remote controller comprising a fifth commu-
nication unit capable of directly communicating with the third commu-
nication unit of the UAV.

An apparatus for providing communication coverage to an unmanned
aerial vehicle (UAV), said apparatus comprising:

one or more processors configured to, individually or collectively:
collect a proposed flight path of the UAV;

determine a communication signal distribution along the proposed
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flight path of the UAV; and

generate signals for providing one or more relays at one or more
locations based on the communication signal distribution to improve
communication signal distribution along the proposed flight path of the
UAV.

The apparatus of claim 52, wherein each of the one or more relays
comprises (1) a first communication unit capable of directly commu-
nicating with the UAV and (2) a second communication unit capable of
communicating over a telecommunication network or a wired commu-
nication network.

The apparatus of claim 53, wherein the apparatus is an aerial vehicle.
The apparatus of claim 54, wherein the aerial vehicle is another UAV.
The apparatus of claim 52, wherein the one or more relays are
stationary.

The apparatus of claim 52, wherein the one or more relays are mobile.
The apparatus of claim 57, wherein the one or more relays are other
UAVs.

The apparatus of claim 53, wherein a plurality of the relays com-
municate with each other via the second communication units.

The apparatus of claim 59, wherein a communication between the UAV
and the plurality of the relays switches among the plurality of the
relays.

The method of claim 52, wherein a communication between the UAV
and a telecommunication network switches to a communication
between the UAV and the one or more relays when the UAV fails to
receive a predetermined amount of communication resource from the
telecommunication network.

The apparatus of claim 52, wherein the communication signal dis-
tribution is a cellular signal distribution.

The apparatus of claim 52, wherein determining the communication
signal distribution along the proposed flight path includes detecting one
or more areas where a quality of communication signal falls beneath a
threshold value.

The apparatus of claim 63, wherein the threshold value varies for the
one or more areas.

The apparatus of claim 52, wherein determining the communication
signal distribution includes flying another aerial vehicle along the

proposed flight path to collect the communication signal distribution.
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The apparatus of claim 52, wherein determining the communication
signal distribution includes incorporating past experience data
collective from other UAVs.

The apparatus of claim 52, wherein determining the communication
signal distribution includes incorporating past experience data
collective from a communication service provider or receiving a preset
setting of a communication service provider.

The apparatus of claim 52, wherein determining the communication
signal distribution along the proposed flight path includes detecting one
or more areas where an available bandwidth for the UAV falls beneath
a threshold value.

The apparatus of claim 52, wherein determining the communication
signal distribution includes determining the communication signal dis-
tribution based on real-time notice from a communication service
provider.

The apparatus of claim 52, wherein determining the communication
signal distribution includes detecting a quality of telecommunication
network signal along the proposed flight path of the UAV.

The apparatus of claim 52, wherein determining one or more locations
for providing one or more relays includes determining one or more
locations where a quality of communication signal exceeds a threshold
value.

The apparatus of claim 53, wherein the first communication unit is a
wireless transceiver dedicated to communication between the UAV and
the relay device.

The apparatus of claim 72, wherein the wireless transceiver is a Wi-Fi
transceiver.

The apparatus of claim 72, wherein the wireless transceiver is a private
wireless transceiver.

The apparatus of claim 72, wherein the wireless transceiver is a radio
frequency transceiver.

The apparatus of claim 72, wherein the wireless transceiver directly
communicates with a remote controller comprising a communication
unit capable of directly communicating with the wireless transceiver.
The apparatus of claim 53, wherein the second communication unit is a
cellular communication unit.

The apparatus of claim 77, wherein the cellular communication unit is

configured to communicate with a remote controller over the telecom-
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munication network.

The apparatus of claim 77, wherein the cellular communication unit is
configured to receive one or more commands that effect operation of
the UAV.

The apparatus of claim 77, wherein the cellular communication unit is
configured to transmit information about a multimedia file captured by
the UAV.

The apparatus of claim 77, wherein the cellular communication unit is
configured to transmit sensor data collected by one or more sensors
onboard the UAV.

The apparatus of claim 53, wherein the first communication unit is
capable of receiving a signal directly from the UAV.

The apparatus of claim 82, wherein the signal includes information
about a multimedia file captured by the UAV.

The apparatus of claim 82, wherein the signal includes sensor data
collected by one or more sensors onboard the UAV.

The apparatus of claim 53, wherein the first communication unit is
capable of transmitting a signal directly to the UAV.

The apparatus of claim 85, wherein the signal includes one or more
commands that affect operation of the UAV.

The apparatus of claim 86, wherein the one or more commands affect
flight of the UAV.

The apparatus of claim 86, wherein the one or more commands affect
operation of a payload of the UAV.

The apparatus of claim 86, wherein the one or more commands
originate from a remote controller configured to accept a user input.
The apparatus of claim 52, wherein the one or more relays are provided
at locations having a quality of communication signals that exceeds a
threshold value.

The apparatus of claim 90, wherein threshold value varies for different
locations.

The apparatus of claim 90, wherein the communication signal dis-
tribution along the proposed path includes one or more areas with poor
telecommunication for the UAV.

The apparatus of claim 92, wherein the one or more relays are provided
at locations where signal coverage of the one or more relays cover the
one or more areas with poor telecommunication for the UAV.

The apparatus of claim 52, wherein the communication signal dis-
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tribution is within a three-dimensional airspace.

The apparatus of claim 94, wherein the communication signal dis-
tribution is at an altitude of the flight path of the UAV.

The apparatus of claim 52, wherein the one or more relays authenticate
an identification of the UAV.

The apparatus of claim 53, wherein the UAV comprises a third commu-
nication unit capable of directly communicating with the first commu-
nication unit of the relay.

The apparatus of claim 97, wherein the UAV comprises a fourth com-
munication unit capable of communicating with the telecommunication
network.

The apparatus of claim 98, wherein the one or more relays are provided
at locations where the one or more relays are capable of receiving
signals from the UAV via the first communication unit and transmitting
a signal via the second communication unit when the UAV is not
capable of communicating over the telecommunication network.

The apparatus of claim 98, wherein the one or more relays are provided
at locations where the one or more relays are capable of sending signals
to the UAV via the first communication unit and receiving a signal via
the second communication unit when the UAV is not capable of com-
municating over the telecommunication network.

The apparatus of claim 98, wherein the fourth communication unit is a
cellular communication unit.

The apparatus of claim 98, wherein the third communication unit
directly communicates with a remote controller comprising a fifth com-
munication unit capable of directly communicating with the third com-
munication unit of the UAV.

A system for providing communication coverage to an unmanned aerial
vehicle (UAV), said system comprising:

an aerial vehicle configured to collect a communication signal dis-
tribution along a proposed flight path of the UAV; and

a device configured to determine one or more locations for providing
one or more relay devices based on the communication signal dis-
tribution to improve communication signal distribution along the
proposed flight path of the UAV.

The system of claim 103, wherein each of the one or more relay
devices comprises (1) a first communication unit capable of directly

communicating with the UAV and (2) a second communication unit

AXON EXHIBIT 1022, Page 55

Axon Enterprises, Inc. and Dedrone Holdings, Inc. v. Airspace Systems, Inc., |PR2025-00530



WO 2016/161637

[Claim 105]
[Claim 106]
[Claim 107]

[Claim 108]

[Claim 109]

[Claim 110]

[Claim 111]

[Claim 112]

[Claim 113]

[Claim 114]

[Claim 115]

[Claim 116]

[Claim 117]

PCT/CN2015/076335
55

capable of communicating over a telecommunication network or a
wired communication network.

The system of claim 103, wherein the one or more relays are stationary.
The system of claim 103, wherein the one or more relays are mobile.
The system of claim 106, wherein the one or more relays are other
UAVs.

The system of claim 104, wherein a plurality of the relays communicate
with each other via the second communication units.

The system of claim 108, wherein a communication between the UAV
and the plurality of the relays switches among the plurality of the
relays.

The system of claim 103, wherein a communication between the UAV
and a telecommunication network switches to a communication
between the UAV and the one or more relays when the UAV fails to
receive a predetermined amount of communication resource from the
telecommunication network.

The system of claim 103, wherein the communication signal dis-
tribution is a cellular signal distribution.

The system of claim 103, wherein determining the communication
signal distribution along the proposed flight path includes detecting one
or more areas where a quality of communication signal falls beneath a
threshold value.

The system of claim 112, wherein the threshold value varies for the one
or more areas.

The system of claim 103, wherein determining the communication
signal distribution includes flying another aerial vehicle along the
proposed flight path to collect the communication signal distribution.
The system of claim 103, wherein determining the communication
signal distribution includes incorporating past experience data
collective from other UAVs.

The system of claim 103, wherein determining the communication
signal distribution includes incorporating past experience data
collective from a communication service provider or receiving a preset
setting of a communication service provider.

The system of claim 103, wherein determining the communication
signal distribution along the proposed flight path includes detecting one
or more areas where an available bandwidth for the UAV falls beneath

a threshold value.
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The system of claim 103, wherein determining the communication
signal distribution includes determining the communication signal dis-
tribution based on real-time notice from a communication service
provider.

The system of claim 103, wherein determining the communication
signal distribution includes detecting a quality of telecommunication
network signal along the proposed flight path of the UAV.

The system of claim 103, wherein determining one or more locations
for providing one or more relays includes determining one or more
locations where a quality of communication signal exceeds a threshold
value.

The system of claim 104, wherein the first communication unit is a
wireless transceiver dedicated to communication between the UAV and
the relay device.

The system of claim 121, wherein the wireless transceiver is a Wi-Fi
transceiver.

The system of claim 121, wherein the wireless transceiver is a private
wireless transceiver.

The system of claim 121, wherein the wireless transceiver is a radio
frequency transceiver.

The system of claim 121, wherein the wireless transceiver directly
communicates with a remote controller comprising a communication
unit capable of directly communicating with the wireless transceiver.
The system of claim 104, wherein the second communication unit is a
cellular communication unit.

The system of claim 126, wherein the cellular communication unit is
configured to communicate with a remote controller over the telecom-
munication network.

The system of claim 126, wherein the cellular communication unit is
configured to receive one or more commands that effect operation of
the UAV.

The system of claim 126, wherein the cellular communication unit is
configured to transmit information about a multimedia file captured by
the UAV.

The system of claim 126, wherein the cellular communication unit is
configured to transmit sensor data collected by one or more sensors
onboard the UAV.

The system of claim 104, wherein the first communication unit is
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capable of receiving a signal directly from the UAV.

The system of claim 131, wherein the signal includes information about
a multimedia file captured by the UAV.

The system of claim 131, wherein the signal includes sensor data
collected by one or more sensors onboard the UAV.

The system of claim 104, wherein the first communication unit is
capable of transmitting a signal directly to the UAV.

The system of claim 134, wherein the signal includes one or more
commands that affect operation of the UAV.

The system of claim 135, wherein the one or more commands affect
flight of the UAV.

The system of claim 135, wherein the one or more commands affect
operation of a payload of the UAV.

The system of claim 135, wherein the one or more commands originate
from a remote controller configured to accept a user input.

The system of claim 103, wherein the one or more relays are provided
at locations having a quality of communication signals that exceeds a
threshold value.

The system of claim 139, wherein threshold value varies for different
locations.

The system of claim 139, wherein the communication signal dis-
tribution along the proposed path includes one or more areas with poor
telecommunication for the UAV.

The system of claim 141, wherein the one or more relays are provided
at locations where signal coverage of the one or more relays cover the
one or more areas with poor telecommunication for the UAV.

The system of claim 103, wherein the one or more relays authenticate
an identification of the UAV.

The system of claim 104, wherein the UAV comprises a third commu-
nication unit capable of directly communicating with the first commu-
nication unit of the relay.

The system of claim 144, wherein the UAV comprises a fourth commu-
nication unit capable of communicating with the telecommunication
network.

The system of claim 145, wherein the one or more relays are provided
at locations where the one or more relays are capable of receiving
signals from the UAV via the first communication unit and transmitting

a signal via the second communication unit when the UAV is not
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capable of communicating over the telecommunication network.

The system of claim 145, wherein the one or more relays are provided
at locations where the one or more relays are capable of sending signals
to the UAV via the first communication unit and receiving a signal via
the second communication unit when the UAV is not capable of com-
municating over the telecommunication network.

The system of claim 145, wherein the fourth communication unit is a
cellular communication unit.

The system of claim 145, wherein the third communication unit directly
communicates with a remote controller comprising a fifth commu-
nication unit capable of directly communicating with the third commu-
nication unit of the UAV.

A method of providing communication coverage to an unmanned aerial
vehicle (UAV), said method comprising:

collecting a location of the UAV while the UAV is in flight;
determining a communication signal distribution in a proximity of the
UAYV; and

determining one or more locations for providing one or more mobile
relays based on the communication signal distribution, while the UAV
is in flight to improve communication signal distribution along a flight
path of the UAV.

The method of claim 150, wherein each of the one or more mobile
relays comprises (1) a first communication unit capable of directly
communicating with the UAV and (2) a second communication unit
capable of communicating over a telecommunication network or a
wired communication network.

The method of claim 150, wherein the one or more mobile relays are
other UAVs.

The method of claim 150, wherein the flight path of the UAV is a
proposed flight path.

The method of claim 150, wherein the flight path of the UAV is a
random flight path.

The method of claim 150, wherein the one or more locations of the one
or more mobile relays change over time while the UAV is in flight.
The method of claim 155, wherein the one or more mobile relays stay
within a proximity of the UAV while the UAV is in flight.

The method of claim 155, wherein the one or more locations of the one

or more mobile relays permit each of the mobile relays to have a
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quality of communication signal that exceeds a threshold value.

The method of claim 155, wherein the one or more locations of the one
or more mobile relays permit each of the mobile relays to have a
ground communication load beneath a threshold value.

The method of claim 150, wherein determining a communication signal
distribution in a proximity of the UAV includes detecting a quality of
telecommunication network signal in a proximity of the UAV.

The method of claim 150, wherein determining a communication signal
distribution in a proximity of the UAV includes incorporating past ex-
perience data collective from other UAVs.

The method of claim 150, wherein determining a communication signal
distribution in a proximity of the UAV includes incorporating past ex-
perience data collective from a communication service provider or
receiving a preset setting of a communication service provider.

The method of claim 150, wherein determining a communication signal
distribution in a proximity of the UAV includes determining the com-
munication signal distribution based on real-time notice from a commu-
nication service provider.

The method of claim 151, wherein the first communication unit is a
wireless transceiver dedicated to communication between the UAV and
the relay device.

The method of claim 163, wherein the wireless transceiver is a Wi-Fi
transceiver.

The method of claim 163, wherein the wireless transceiver is a private
transceiver.

The method of claim 163, wherein the wireless transceiver is a radio
frequency transceiver.

The method of claim 151, wherein the second communication unit is a
cellular communication unit.

The method of claim 151, wherein the first communication unit is
capable of receiving a signal directly from the UAV.

The method of claim 168, wherein the signal includes information
about a multimedia file captured by the UAV.

The method of claim 168, wherein the signal includes sensor data
collected by one or more sensors onboard the UAV.

The method of claim 151, wherein the first communication unit is
capable of transmitting a signal directly to the UAV.

The method of claim 171, wherein the signal includes one or more
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commands that effect operation of the UAV.

The method of claim 172, wherein the one or more commands affects
flight of the UAV.

The method of claim 172, wherein the one or more commands affects
operation of a payload of the UAV.

The method of claim 151, further comprising determining whether the
UAYV is capable of communication over the telecommunication
network at a predetermined level of quality based on the commu-
nication signal distribution.

The method of claim 175, further comprising permitting the UAV to
communicate over the telecommunication network without using the
one or more mobile relays when the UAYV is capable of communication
over the telecommunications network at the predetermined level of
quality.

The method of claim 175, further comprising permitting the UAV to
communicate with the first communication unit of the one or more
mobile relays when the UAYV is not capable of communication over the
telecommunication network at the predetermined level of quality.

The method of claim 151, further comprising determining whether the
UAYV is capable of direct communication with a remote controller at a
predetermined level of quality.

The method of claim 178, further comprising permitting the UAV to
communicate directly with the remote controller without using the one
or more mobile relays when the UAYV is capable of direct commu-
nication with the remote controller at the predetermined level of
quality.

The method of claim 178, further comprising permitting the UAV to
communicate with the first communication unit of the one or more
mobile relays when the UAV is not capable of direct communication
with the remote controller at the predetermined level of quality.

An apparatus for providing communication coverage to an unmanned
aerial vehicle (UAV), said apparatus comprising:

one or more processors configured to, individually or collectively:
collect a location of the UAV while the UAV is in flight;

determine a communication signal distribution in a proximity of the
UAV; and

generate signals to providing one or more mobile relays at one or more

locations based on the communication signal distribution, while the
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UAV is in flight to improve communication signal distribution along a
flight path of the UAV.

The apparatus of claim 181, wherein each of the one or more mobile
relays comprises (1) a first communication unit capable of directly
communicating with the UAV and (2) a second communication unit
capable of communicating over a telecommunication network or a
wired communication network.

The apparatus of claim 181, wherein the one or more mobile relays are
other UAVs.

The apparatus of claim 181, wherein the flight path of the UAV is a
proposed flight path.

The apparatus of claim 181, wherein the flight path of the UAV is a
random flight path.

The apparatus of claim 181, wherein the one or more locations of the
one or more mobile relays change over time while the UAV is in flight.
The apparatus of claim 186, wherein the one or more mobile relays stay
within a proximity of the UAV while the UAV is in flight.

The apparatus of claim 186, wherein the one or more locations of the
one or more mobile relays permit each of the mobile relays to have a
quality of communication signal that exceeds a threshold value.

The apparatus of claim 186, wherein the one or more locations of the
one or more mobile relays permit each of the mobile relays to have a
ground communication load beneath a threshold value.

The apparatus of claim 181, wherein determining a communication
signal distribution in a proximity of the UAV includes detecting a
quality of telecommunication network signal in a proximity of the
UAV.

The apparatus of claim 181, wherein determining a communication
signal distribution in a proximity of the UAV includes incorporating
past experience data collective from other UAVs.

The apparatus of claim 181, wherein determining a communication
signal distribution in a proximity of the UAV includes incorporating
past experience data collective from a communication service provider
or receiving a preset setting of a communication service provider.

The apparatus of claim 181, wherein determining a communication
signal distribution in a proximity of the UAV includes determining the
communication signal distribution based on real-time notice from a

communication service provider.
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The apparatus of claim 182, wherein the first communication unit is a
wireless transceiver dedicated to communication between the UAV and
the relay device.

The apparatus of claim 194, wherein the wireless transceiver is a Wi-Fi
transceiver.

The apparatus of claim 194, wherein the wireless transceiver is a
private transceiver.

The apparatus of claim 194, wherein the wireless transceiver is a radio
frequency transceiver.

The apparatus of claim 182, wherein the second communication unit is
a cellular communication unit.

The apparatus of claim 182, wherein the first communication unit is
capable of receiving a signal directly from the UAV.

The apparatus of claim 199, wherein the signal includes information
about a multimedia file captured by the UAV.

The apparatus of claim 199, wherein the signal includes sensor data
collected by one or more sensors onboard the UAV.

The apparatus of claim 181, wherein the first communication unit is
capable of transmitting a signal directly to the UAV

The apparatus of claim 202, wherein the signal includes one or more
commands that effect operation of the UAV.

The apparatus of claim 203, wherein the one or more commands affects
flight of the UAV.

The apparatus of claim 203, wherein the one or more commands affects
operation of a payload of the UAV.

A method of relaying communication from an unmanned aerial vehicle
(UAV), said method comprising:

receiving, at a first communication unit of a relay device, a wireless
signal directly from the UAV; and

transmitting, via a second communication unit of the relay device, a
telecommunication signal over a telecommunication network or a wired
communication network, wherein the telecommunication signal
conveys the wireless signal.

The method of claim 206, wherein the telecommunication network is a
cellular network.

The method of claim 206, wherein the wireless signal conveys a
multimedia file.

The method of claim 208, wherein the multimedia file is a video file.
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The method of claim 208, wherein the multimedia file is an image file.
The method of claim 206, wherein the wireless signal conveys sensor
data collected by one or more sensors onboard the UAV.

The method of claim 206, wherein the relay device is a stationary relay
device.

The method of claim 206, wherein the relay device is a mobile relay
device.

The method of claim 213, wherein the mobile relay device is another
UAV.

The method of claim 206, wherein the first communication unit is a
wireless transceiver dedicated to communication between the UAV and
the relay device.

The method of claim 215, wherein the wireless transceiver is a Wi-Fi
transceiver.

The method of claim 215, wherein the wireless transceiver is a radio
frequency transceiver.

The method of claim 215, wherein the wireless transceiver is a private
wireless transceiver.

The method of claim 206, wherein the second communication unit is a
cellular communication unit.

The method of claim 206, wherein a remote controller is configured to
receive the telecommunication signal from the telecommunication
network.

The method of claim 220, wherein the remote controller is configured
to accept a user input that generates an operation command.

The method of claim 220, wherein the remote controller is a server, a
personal computer, or a mobile terminal.

The method of claim 221, wherein the operation command affects
flight of the UAV.

The method of claim 221, wherein the operation command affects
operation of a payload of the UAV.

A relay device of relaying communication from an unmanned aerial
vehicle (UAV), said relay device comprising:

a first communication unit configured to receive a wireless signal
directly from the UAV, said wireless signal conveying a digital file in-
formation; and

a second communication unit connected to the first communication unit

and configured to transmit a telecommunication signal over a telecom-
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munication network or a wired communication network, wherein the
telecommunication signal conveys the digital file information.

The relay device of claim 225, wherein the telecommunication network
is a cellular network.

The relay device of claim 225, wherein the wireless signal conveys a
multimedia file.

The relay device of claim 227, wherein the multimedia file is a video
file.

The relay device of claim 227, wherein the multimedia file is an image
file.

The relay device of claim 225, wherein the wireless signal conveys
sensor data collected by one or more sensors onboard the UAV.

The relay device of claim 225, wherein the relay device is a stationary
relay device.

The relay device of claim 225, wherein the relay device is a mobile
relay device.

The relay device of claim 232, wherein the mobile relay device is
another UAV.

The relay device of claim 225, wherein the first communication unit is
a wireless transceiver dedicated to communication between the UAV
and the relay device.

The relay device of claim 234, wherein the wireless transceiver is a Wi-
Fi transceiver.

The relay device of claim 234, wherein the wireless transceiver is a
radio frequency transceiver.

The relay device of claim 234, wherein the wireless transceiver is a
private wireless transceiver.

The relay device of claim 225, wherein the second communication unit
is a cellular communication unit.

The relay device of claim 225, wherein a remote controller is
configured to receive the telecommunication signal from the telecom-
munication network.

The relay device of claim 239, wherein the remote controller is
configured to accept a user input that generates an operation command.
The relay device of claim 239, wherein the remote controller is a
server, a personal computer, or a mobile terminal.

The relay device of claim 240, wherein the operation command affects
flight of the UAV.
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The relay device of claim 240, wherein the operation command affects
operation of a payload of the UAV.

A method of relaying communications to an unmanned aerial vehicle
(UAV), said method comprising:

receiving, at a second communication unit of a relay device, a telecom-
munication signal from over a telecommunication network or a wired
communication network, wherein the telecommunications signal
conveys a UAV operation command; and

transmitting, via a first communication unit of the relay device, a
wireless signal directly to the UAV, said wireless signal conveying the
UAY operation command.

The method of claim 244, wherein the telecommunication network is a
cellular network.

The method of claim 244, wherein the UAV operation command
affects flight of the UAV.

The method of claim 244, wherein the UAV operation command
affects operation of a payload carried by the UAV.

The method of claim 244, wherein the UAV operation command
affects positioning of a payload carried by the UAYV, relative to the
UAV.

The method of claim 244, wherein the relay device is a stationary relay
device.

The method of claim 244, wherein the relay device is a mobile relay
device.

The method of claim 250, wherein the mobile relay device is another
unmanned aerial vehicle.

The method of claim 244, wherein the first communication unit is a
wireless transceiver dedicated to communication between the UAV and
the relay device.

The method of claim 252, wherein the wireless transceiver is a Wi-Fi
transceiver.

The method of claim 252, wherein the wireless transceiver is a radio
frequency transceiver.

The method of claim 252, wherein the wireless transceiver is a private
wireless transceiver.

The method of claim 244, wherein the second communication unit is a
cellular communication unit.

The method of claim 244, wherein a remote controller is configured to
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receive a user input that generates the UAV operation command.

The method of claim 257, wherein the remote controller is a server, a
personal computer, or a mobile terminal.

A relay device of relaying communication to an unmanned aerial
vehicle (UAV), said relay device comprising:

a second communication configured to receive a telecommunication
signal from over a telecommunication network or a wired commu-
nication network, wherein the telecommunication signal conveys a
UAYV operation command; and

a first communication unit configured to transmit a wireless signal
directly to the UAYV, said wireless signal conveying the UAV operation
command.

The relay device of claim 259, wherein the telecommunication network
is a cellular network.

The relay device of claim 259, wherein the UAV operation command
affects flight of the UAV.

The relay device of claim 259, wherein the UAV operation command
affects operation of a payload carried by the UAV.

The relay device of claim 259, wherein the UAV operation command
affects positioning of a payload carried by the UAV, relative to the
UAV.

The relay device of claim 259, wherein the relay device is a stationary
relay device.

The relay device of claim 259, wherein the relay device is a mobile
relay device.

The relay device of claim 265, wherein the mobile relay device is
another unmanned aerial vehicle.

The relay device of claim 259, wherein the first communication unit is
a wireless transceiver dedicated to communication between the UAV
and the relay device.

The relay device of claim 267, wherein the wireless transceiver is a Wi-
Fi transceiver.

The relay device of claim 267, wherein the wireless transceiver is a
radio frequency transceiver.

The relay device of claim 267, wherein the wireless transceiver is a
private wireless transceiver.

The relay device of claim 259, wherein the second communication unit

is a cellular communication unit.
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[Claim 272] The relay device of claim 259, wherein a remote controller is
configured to receive a user input that generates the UAV operation
command.

[Claim 273] The relay device of claim 272, wherein the remote controller is a

server, a personal computer, or a mobile terminal.
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