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(54) FACILITATING COMMUNICATION WITH A VEHICLE VIA A UAV

(57) Embodiments are provided for facilitating com-
munications with a vehicle through an unmanned aerial
vehicle (UAV). The UAV can be configured to track ve-
hicles traveling in an area covered by the UAV. An iden-
tification of the vehicle can be acquired after the vehicle
is tracked by the UAV. The vehicle identification can be
used to determine communication capability of the vehi-
cle. Based on the determined communication capability

of the vehicle, a communication request can be initiated
by the UAV. The vehicle can determine either accept the
communication request from the UAV or turn it down. If
the vehicle accepts the communication request from the
UAV, information intended for the vehicle, for example
from another vehicle, can be forwarded to the vehicle by
the UAV.
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Description

BACKGROUND

[0001] The present disclosure relates to facilitating tel-
ecommunications through unmanned aerial vehicle, and
more specifically to facilitating telecommunications
through self-sustaining unmanned aerial vehicle.
[0002] An unmanned aerial vehicle (UAV), commonly
known as a drone and also referred by several other
names, is an aircraft without a human pilot aboard. The
flight of UAVs may be controlled either autonomously by
onboard computers or by the remote control of a pilot on
the ground or in another vehicle. UAVs have mostly found
military and special operation applications, but also are
increasingly finding uses in civil applications, such as po-
licing, surveillance and firefighting, and nonmilitary se-
curity work, such as inspection of power or pipelines.
UAVs are adept at gathering an immense amount of vis-
ual information and displaying it to human operators.
However, it can take a great deal of time and manpower
to interpret the information gathered by UAVs. In many
cases, the information gathered by UAVs is misinterpret-
ed by human operators and analysts who have a limited
time window in which to interpret the information.
[0003] Cellular telecommunication protocol is general-
ly known, such as the third or 4th generation of mobile
phone networks. Radio spectrum is a scarce resource in
cellular networks. Governments license the right to use
parts of the spectrum to the cellular network operators,
often using a spectrum auction in which network opera-
tors submit bids. The architecture of the cellular network
mainly comprises subscriber devices and base stations.
The base stations implement air interfaces with the sub-
scriber devices. For many rural areas, the coverage of
base stations provided by the telecommunication oper-
ators do not reach those areas.

SUMMARY

[0004] Embodiments are provided for facilitating com-
munications with a vehicle through an unmanned aerial
vehicle (UAV). The UAV can be configured to track ve-
hicles traveling in an area covered by the UAV. An iden-
tification of the vehicle can be acquired after the vehicle
is tracked by the UAV. The vehicle identification can be
used to determine communication capability of the vehi-
cle. Based on the determined communication capability
of the vehicle, a communication request can be initiated
by the UAV. The vehicle can determine either accept the
communication request from the UAV or turn it down. If
the vehicle accepts the communication request from the
UAV, information intended for the vehicle, for example
from another vehicle, can be forwarded to the vehicle by
the UAV.
[0005] Embodiments can provide communication pro-
tocols for communications to the vehicle via a processing
station. The processing station may be configured to

have a communication link with the UAV 102 that can
communicate with the vehicle as described above. The
processing station can be connected to a core network
that provides, for example, a cellular network, a public
switched telephone network (PTSN) and/or the Internet.
The processing station can serve as relay point or a router
for forwarding information to the vehicle via the UAV. For
example, the processing station can forward information
from a server to the vehicle via the UAV. The processing
station can also serve as a relay point or router to com-
municate information from the vehicle 106 to other enti-
ties connected to the core network.
[0006] Embodiments can provide communication pro-
tocols for communications between two vehicles. Each
vehicle can have a communication link with a corre-
sponding UAV. The UAVs can be configured to commu-
nicate with each other directly or via a processing station.
The vehicles can communicate with each other via the
communication link established by the UAVs.
[0007] In accordance with the disclosure, a method for
facilitating communication to a vehicle via an unmanned
aerial vehicle (UAV) is provided. The method may be
implemented in one or more of a processor configured
to execute programmed components. That is to say that
the method steps may be implemented: in a single proc-
essor; in multiple processors; or across multiple proces-
sors, each processor being configured to implement a
subset of the method steps.
[0008] In accordance with the disclosure, a system for
facilitating communication to a vehicle via an unmanned
aerial vehicle is provided. The system may comprise one
or more of a processor configured by machine readable-
instructions to perform the method steps disclosed herein
for facilitating an unmanned aerial vehicle network. That
is to say that the system may comprise: a single proces-
sor configured to perform the method steps; multiple
processors configured to perform the method steps; or
multiple processors, each of the processors being con-
figured to perform a subset of the method steps.
[0009] Other objects and advantages of the invention
will be apparent to those skilled in the art based on the
following drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention,
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the detailed description serve to explain the
principles of the invention. No attempt is made to show
structural details of the invention in more detail than may
be necessary for a fundamental understanding of the in-
vention and various ways in which it may be practiced.

FIG. 1 illustrates an exemplary UAV network in ac-
cordance with the disclosure.
FIG. 2A illustrates one example of communications
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between a vehicle, a UAV and a ground processing
station shown in FIG. 1.
FIG. 2B illustrates a view of the network shown in
FIG. 1 with respect to areas covered by UAVs.
FIG. 2C illustrates another view of network shown in
FIG. 1.
FIG. 3 illustrates one example of a communication
protocol between a vehicle, a UAV, and a processing
station shown in FIG. 1.
FIG. 4 illustrates another example of a communica-
tion protocol that can be used to communicate infor-
mation to a given vehicle via a UAV and a processing
station shown in FIG. 1.
FIG. 5 illustrates an example of a communication
protocol between two vehicles via respective UAVs.
FIG. 6 illustrates an example of a device for facilitat-
ing communication with a given vehicle in accord-
ance with the disclosure.
FIG. 7 illustrates one exemplary method for facilitat-
ing communication with a vehicle via a UAV in ac-
cordance with the disclosure.
FIG. 8 illustrates a simplified computer system, ac-
cording to an exemplary embodiment of the present
disclosure.

[0011] In the appended figures, similar components
and/or features may have the same numerical reference
label. Further, various components of the same type may
be distinguished by following the reference label by a
letter that distinguishes among the similar components
and/or features. If only the first numerical reference label
is used in the specification, the description is applicable
to any one of the similar components and/or features
having the same first numerical reference label irrespec-
tive of the letter suffix.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Various specific embodiments of the present
disclosure will be described below with reference to the
accompanying drawings constituting a part of this spec-
ification. It should be understood that, although structural
parts and components of various examples of the present
disclosure are described by using terms expressing di-
rections, e.g., "front", "back", "upper", "lower", "left",
"right" and the like in the present disclosure, these terms
are merely used for the purpose of convenient description
and are determined on the basis of exemplary directions
displayed in the accompanying drawings. Since the em-
bodiments disclosed by the present disclosure may be
set according to different directions, these terms express-
ing directions are merely used for describing rather than
limiting. Under possible conditions, identical or similar
reference numbers used in the present disclosure indi-
cate identical components.
[0013] UAVs are well suited for applications where the
payload consists of optical image sensors such as cam-
eras with powerful lightweight sensors suited for a variety

of commercial applications such as surveillance, video
conferencing, vehicle positioning, and/or any other ap-
plications. A UAV in accordance with the disclosure can
collect multi-spectral imagery of any object in an area
covered the UAV. In certain embodiments, the UAV in
accordance with the disclosure can fly up to 65,000 feet
and can cover as much as 500 km in range. One moti-
vation of the present disclosure is to employ UAVs to
facilitate communications between vehicles. In certain
areas, especially rural areas, deployment of cellular net-
works is limited due to cost and benefit considerations.
In those areas, cellular coverage is often less than de-
sirable. Communications between vehicles traveling in
those areas through cellular networks is thus not reliable.
Another motivation of the present disclosure is to provide
an alternative wireless communication protocol to the ex-
isting ones. Mobility of a vehicle is obviously much greater
than a mobile device carried by a person. When a vehicle
moves out of the range of one cellular base station and
into the range of another one, the flow of data must be
re-routed from the old to the new cell base station. This
technique is known as handover or handoff. A vehicle
can quickly move in and out of a cell, which can require
frequent handoff between cells. As handoff incurs over-
head and does not always take place instantly as a ve-
hicle move from one cell to another cell at a high speed,
communications between two vehicles through a cellular
network is not reliable. Thus, the existing cellular net-
works are not suitable for communications between two
vehicles. While satellite communications are also possi-
ble, the cost of using satellite makes it not commercially
viable for vehicle communications. Embodiments pro-
vide communication technologies to facilitate telecom-
munications for a moving vehicle via UAV and/or ground
processing station.
[0014] FIG. 1 illustrates an exemplary UAV network
100 for facilitating communications for a an vehicle in
accordance with the disclosure. As shown, the UAV net-
work 100 can comprise multiple UAVs 102, such as UAVs
102a-f. It should be understood the UAV network 100, in
certain embodiments, can comprise hundreds, thou-
sands, or even tens of thousands of UAVs 102. The in-
dividual UAVs 102 in network 100, such as UAV 102a,
can fly above the ground, between 50,000 to 65,000 feet
altitude. However, this is not intended to be limiting. In
some examples, some or all of the UAVs 102 in the net-
work 100 can fly at hundreds or thousands feet above
the ground. As shown, the individual UAVs 102 in the
network 100 can communicate with each other through
communication hardware carried by or installed on UAVs
102. For example, the communication hardware onboard
a UAV 102 can include an antenna, a high frequency
radio transceiver, an optical transceiver, and/or any other
communication components for long range communica-
tions. A communication channel between any two given
UAVs 102 in network 100, for example, UAV 102c and
UAV 102d, can be established.
[0015] One way of establishing a communication chan-
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nel between any two given UAVs is to have them auton-
omously establish the communication channel through
the communication hardware onboard the two given
UAVs 102. In this example, UAVs 102a, 102b and 102c
are neighboring UAVs such that they cover neighboring
areas 104a, 104b, and 104c respectively. They can be
configured to communicate with each other once they
are within a threshold distance. The threshold distance
can be the maximum communication range of the trans-
ceivers onboard the UAVs 102a, 102b, and 102c. In this
way, UAVs 102a, 102b, and 102c can send data to each
other without an access point.
[0016] Another way of establishing a communication
channel between any two given UAVs 102 in network
100 is to have them establish communication channel
through a controller. As used herein, a controller may be
referred to as a piece of hardware and/or software con-
figured to control communications within network 100.
The controller can be provided by a ground processing
station, such as ground processing station 110a, 110b,
or 110c. For instance, the controller can be implemented
by a computer server housed in a ground processing
station 110. In certain embodiments, the controller can
be provide by a UAV 102 in the network 100. For instance,
a given UAV 102, such as a unmanned helicopter or a
balloon, in the network 100 can carry payloads including
one or more of a processor configured to implement the
controller. In any case, the controller can be configured
to determine network requirements based on an appli-
cation supported by network 100, and/or to perform any
other operations. In implementations, control signals can
be transmitted via a control link from the controller to the
UAVs 102 shown in FIG. 1.
[0017] As mentioned above, an important criteria to a
UAV 102 in the network is altitude. However, as the UAV
102 altitude increases, the signals emitted by UAV 102
becomes weaker. A UAV 102 flying at an altitude of
65,000 feet can cover an area up to 100 kilometers on
the ground, but the signal loss can be significantly higher
than would occur for a terrestrial network. Radio signals
typically requires a large amount of power for transmis-
sion in long distance. On the other end, the payloads can
be carried by a UAV 102 that stays in the air for an ex-
tended period of time is limited. As mentioned above,
solar energy can be used to power the UAV 102. However
this limits the weight of payloads that can be carried by
a UAV 102 due to the limited rate at which solar irritation
can be absorbed and converted to electricity.
[0018] Free-space optical communication (FSO) is an
optical communication technology that transmits light in
free space to wirelessly transmit data for telecommuni-
cations. Commercially available FSO systems use wave
length close to visible spectrum around 850 to 1550 nm.
In a basis point-to-point FSO system, two FSO transceiv-
ers can be placed on both sides of transmission path that
has unobstructed line-of-sight between the two FSO
transceivers. A variety of light sources can be used for
the transmission of data using FSO transceivers. For ex-

ample, LED and laser can be used to transmit data in a
FSO system.
[0019] Lasers used in FSO systems provide extremely
high bandwidths and capacity, on par with terrestrial fiber
optic networks, but they also consume much less power
than microwave systems. A FSO unit can be included in
the payloads of a UAV 102 for communication. The FSO
unit can include an optical transceiver with a laser trans-
mitter and a receiver to provide full duplex bidirectional
capability. The FSO unit can use a high-power optical
source, i.e., laser, and a lens to transmit the laser beam
through the atmosphere to another lens receiving the in-
formation embodied in the laser beam. The receiving lens
can connect to a high-sensitivity receiver via optical fiber.
The FSO unit included in a UAV 102 in accordance with
the disclosure can enable optical transmission at speeds
up to 10Gbps.
[0020] Also shown in FIG. 1 are vehicles 106a-f. The
vehicles 106 can be equipped with communication hard-
ware. The communication hardware in a given vehicle
106 can include a FSO unit described above, a radio
transceiver, and/or any other type of communication
hardware. The communication hardware included in the
vehicles 106 can be used to establish a communication
channel between the vehicles 106 via the UAVs 102.
FIG. 2A illustrates one example of communications be-
tween a vehicle 106, a UAV 102 and a ground processing
station 110. As shown, the vehicle 106 can include a FSO
unit 202a, which can include an optical transceiver. The
optical transceiver included in the FSO unit 202a can be
configured to receive laser beam 204 from UAV 102,
and/or transmit the laser beam 204 to UAV 102. The UAV
102 can include one or more of a FSO unit as well. In
this example, UAV 102 includes a FSO unit 202c config-
ured to communicate with a FSO unit in a vehicle 106,
and another FSO unit 202d configured to communicate
with a FSO unit 202b in a ground processing station 110.
However, this is not necessarily the only case. In some
other examples, UAV 102 may comprise a single FSO
unit configured to communicate with a FSO unit in vehicle
106 and as well as a FSO unit in ground processing sta-
tion 110. In any case, in order for FSO units 202a and
202c to communicate, there should be a line of sight
(LoS) between them so that laser beam 204a can be
transmitted and received. The wavelength of the laser
beam 204a can be between 600nm to 2000nm. Once
the FSO units 202a and 202c are aligned with each other,
optical data can be transmitted between UAV 102 and
vehicle 106.
[0021] As also shown in FIG. 2A, a ground processing
station 110 can include a FSO unit 202b configured to
establish a communication channel FSO unit 202d
through laser beam 204b. Through the communication
channel, UAV 102 can be configured to communicate its
geo-locations to processing station 110. Since ground
processing station 110 is stationary, the geo-location of
ground processing station 110 can be preconfigured into
an onboard computer in UAVs 102. Through the ground
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processing station 110, information intended for vehicle
106 can be forwarded to vehicle 106. As shown, the
ground processing station 110 can be connected to a
wired or wireless network. Information intended for vehi-
cle 106 can be communicated through the wired or wire-
less network from or to another entity connected to the
wired or wireless network. The information intended for
vehicle 106 can be first communicated to the UAV 102
through laser beam 204b, and the UAV 102 can forward
the information to vehicle 106 through laser beam 204a.
[0022] FIG. 2B illustrates a view of network 100 with
respect to areas 104 covered by UAVs 102. As shown,
a given area 104, such as area 104a, 104c, 104d, 104e,
104f, can be covered by a UAV 102, such as UAV 102a-
e respectively. As also shown, in certain areas 104, such
as areas 104b, 104g and 104h, a processing station 110,
such as processing station 110a-c can be provided. The
processing station 110a-c can serve as access points for
a given vehicle 106 to communicate with other vehicles
and as well to access as a core network. This is illustrated
in FIG. 2C.
[0023] FIG. 2C illustrates another view of network 100.
As shown, vehicles 106a-c can communicate with UAVs
102a-c via a FSO interface 210. In this example, the
UAVs 102a-c are operatively connected processing sta-
tions 110a and 110b as shown. The processing stations
110 and UAVs 102 together make up UAV access net-
work 206. The processing stations 110 can be connected
to a core network 208 which can comprise a public
switched telephone network (PSTN) or the Internet
through a mobile switching center (MSC), a Gateway Mo-
bile Switching center, a media gateway (MGW). As also
shown, the core network 208 can include a PS (Profile
Server) in the core network that registers the location of
vehicles 106 and as well as locations of UAVs 102, and
other profile information that is used for authentication
and authorization. In this way, vehicles 106 can be found
by the profile server.
[0024] With architecture and infrastructure of network
100 having been generally described, attention is now
directed to FIG. 3. FIG. 3 illustrates one example of a
communication protocol between a vehicle 106, a UAV
102, and a processing station 110. As shown, at S302,
a tracking signal can be transmitted from UAV 102 for
tracking vehicle 106. The tracking signal can be in various
forms. For example, the UAV 102 may scan the covered
area 104 with a camera aboard UAV 102 in a pre-deter-
mined pattern. For example, the UAV 102 may scan the
covered area 104 in a scan line fashion from on one cor-
ner of the covered area 104 to the opposite corner of the
covered area 104. As another example, the UAV 102
may scan the covered area 104 in a concentric sphere
fashion starting from an outer sphere within the covered
area 104, gradually into inner spheres within the covered
area 104 until the center of the covered area 104. Still
as another example, the UAV 102 may scan the covered
area along predefined lines of areas 104, for example a
portion of a road that enters area 104 and another portion

of the road that exits area 104. In certain embodiments,
the UAV 102 may carry a radio transmitter configured to
broadcast in radio signals within the covered area 104.
In those examples, the broadcast radio signals can serve
as tracking signals such that once they are intercepted
by a vehicle 106 passing through the covered area 104,
the UAV 102 can be configured to location a position of
the vehicle 106 within the covered area 104.
[0025] At S304, an identification of the vehicle 106 can
be captured after the vehicle 106 has been tracked by
UAV 102. In certain implementations, the identification
of the vehicle 106 can be captured by a camera carried
by the UAV 102. For example, the UAV 102 may be con-
figured to capture a picture of a license plate of vehicle
106 once it has been tracked. As another example, the
UAV 102 may be configured to transmit a request to ve-
hicle 106 to inquire about its identification, and the vehicle
106 can send its identification to the UAV 102 in response
to the request.
[0026] At S306, information regarding the vehicle 106
can be obtained and/or registered. In certain implemen-
tations, once the identification of vehicle 106 is captured
by UAV 102 at S304, the UAV 102 can obtain information
regarding the vehicle 106, for example, from the profile
server via the processing station 110 as shown in FIG.
2C. For instance, the UAV 102 can transmit the identifi-
cation of the vehicle 106 to the profile server and the
profile server can look the vehicle 106 up based on iden-
tification received. The profile server, in that example,
can provide the vehicle information regarding the vehicle
106 to UAV 102 once it finds a match. The information
regarding vehicle 106 can include information regarding
communication capability of vehicle 106, such as one or
more communication hardware carried by the vehicle.
The information regarding vehicle 106 can include infor-
mation indicating a model, type, make, and/or any other
information regarding a type of the vehicle 106. Such
information may be used to by UAV 102 to assist its com-
munication with vehicle 106.
[0027] In certain embodiments, UAV 102 can be con-
figured to register the vehicle 106 with the profile server
when no information regarding vehicle 106 is obtained
from the profile server. For example, UAV 102 may pro-
vide the identification information regarding vehicle 106
to the profile server to have the profile server to establish
a record for vehicle 106 and obtain information regarding
vehicle 106.
[0028] At S308, UAV 102 can initiate a request to com-
municate with vehicle 106 based on the information ob-
tained at S306. For example, the UAV 102 can send a
handshake message to vehicle 106 via the FSO units
202a and 202b shown FIG. 2 to request the vehicle 106
to establish a communication channel between vehicle
106 and UAV 102. In certain implementations, UAV 102
can include checksums in the handshake message.
[0029] At S310, vehicle 106 can send an acknowledge
message back to UAV 102 in response to receiving the
handshake message transmitted at S308. In some im-
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plementations, vehicle 106 can determine if the hand-
shake message transmitted at S308 is damaged by com-
puting the checksums embedded in the handshake mes-
sage. In those implementations, if vehicle 106 deter-
mines that the handshake message has been received
without any data loss or being damaged, it can send an
acknowledgment to UAV 102 acknowledging that the
handshake message has been received without error. If
vehicle 106 determines that the received handshake
message is damaged, it can send an acknowledgement
to the UAV 102 requesting the UAV 102 to resend the
handshake message. This process can be repeated until
the handshake message is received at vehicle 106 with-
out error.
[0030] At S312, vehicle 106 can be registered to indi-
cate a communication link is established with vehicle 106.
For example, the registration can made at the profile serv-
er shown in FIG. 2C. At S314, a communication channel
can be established between UAV 102 and vehicle 106.
[0031] FIG. 4 illustrates one example of a communica-
tion protocol that can be used to communicate informa-
tion to a given vehicle 106 via UAV 102 and processing
station 110. As shown, at S402, an inquiry request re-
garding vehicle 106 can be communicated from process-
ing station 110 to UAV 102. The inquiry request can be
generated when the processing station 110 receives a
communication request from another vehicle 106 to com-
municate with the given vehicle 106. The inquiry request
transmitted at S402 can serve as an instruction that in-
structs UAV 102 to verify whether the given vehicle 106
is available for communication. In implementations, the
processing station 110 may communicate the inquiry re-
quest to UAV 102 based on a routing table indicating that
the UAV 102 can establish a communication link with the
given vehicle 106.
[0032] At S404, communications can be established
between UAV 102 and the given vehicle 106. For exam-
ple, the communications between UAV 102 and the given
vehicle 106 can be established using the protocol illus-
trated in FIG. 3.
[0033] At S406, the UAV 102 can send a message to
processing station 110 to confirm that the given vehicle
106 is available for communication. The confirmation
communicated by the UAV 102 at S406 can be performed
after the communication between vehicle 106 and UAV
102 is established.
[0034] At S408, information communicated from an-
other UAV 102 can be transmitted to the UAV 102. As
mentioned above, the processing station may serve as
a relay point or router for another UAV 102 to communi-
cate the information 102 to the given vehicle 106. The
communication at S408 can be performed in response
to the confirmation received from UAV 102 at S406.
[0035] At S410, a request for the given vehicle 106 to
receive the information communicated from processing
station 110 at S408 can be transmitted to UAV 102. The
request transmitted at S410 can serve as a probing mes-
sage to probe whether the given vehicle 106 has capacity

left to receive the information communicated from anoth-
er UAV 102. For example, the given vehicle 106 may not
always have capacity to process the information commu-
nicated from another UAV 102, or the given vehicle 106
may be set to a mode in which not incoming information
is to be received.
[0036] At S412, the information from another vehicle
106 can be forwarded to the given vehicle 106 from UAV
102. At S414, acknowledgement can be transmitted from
the given vehicle 106 to UAV 102 indicating that the in-
formation transmitted to the given vehicle 106 at S412 is
received by the given vehicle 106. At S416, the acknowl-
edgement received by UAV 102 can be forwarded to
processing station 110, which can forward the acknowl-
edgement to another vehicle 106.
[0037] FIG. 5 illustrates an example of a communica-
tion protocol between two vehicles 106 via respective
UAVs 102. As shown , in certain implementations, a first
UAV 102 can be configured to communicate with a first
vehicle 106 and a second UAV 102 can be configured to
communicate with a second vehicle 102. Those commu-
nications can be facilitated by the communication proto-
cols shown in FIGs 3-4. As also shown, the first or second
vehicle 106 can be communicate with each other via the
first and second UAVs 102. The first and second UAVs
102 may forward the information communicated between
the first and second vehicles either directly to each other
or via a processing station 110 as shown. The commu-
nications between UAVs 102 and/or the processing sta-
tions 110 are illustrated in FIG. 4.
[0038] FIG. 6 illustrates an example of a device 600
for facilitating communication with a given vehicle 106 in
accordance with the disclosure. In certain embodiments,
device 600 can be provided in a UAV 102. For example,
the device 600 can be part of the payload carried by UAV
102. In any case, as shown, device 600 can include one
or more of a processor 602 configured to implement pro-
grammed components. The programmed components
can include a tracking component 604, a vehicle identi-
fication component 606, a vehicle information compo-
nent 608, a communication component 610, a vehicle
status component 612 and/or any other components.
[0039] The tracking component 604 can be configured
to manage UAVs 102 in the network 102. In implemen-
tations, the tracking component 604 can instruct gener-
ation of tracking signals and direct the tracking signals
to be transmitted. The tracking signals can be in various
forms. For example, the tracking component 604 may be
configured to scan a covered area 104 with a camera
aboard UAV 102 in a pre-determined pattern configured
into the tracking component 604. For example, the track-
ing component 604 may be configured to scan the cov-
ered area 104 in a scan line fashion from on one corner
of the covered area 104 to the opposite corner of the
covered area 104. As another example, the tracking com-
ponent 604 may be configured to scan the covered area
104 in a concentric sphere fashion starting from an outer
sphere within the covered area 104, gradually into inner
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spheres within the covered area 104 until the center of
the covered area 104. Still as another example, the track-
ing component 604 may be configured to scan the cov-
ered area along predefined lines of areas 104, for exam-
ple a portion of a road that enters area 104 and another
portion of the road that exits area 104.
[0040] The vehicle identification component 606 can
be configured to instruct capturing of an identification of
the vehicle 106 after the vehicle 106 has been tracked
by the tracking component 604. In certain implementa-
tions, vehicle identification component 606 can instruct
a camera aboard the UAV 102 to capture the identifica-
tion of the vehicle 106. For example, vehicle identification
component 606 may be configured to instruct the camera
to capture a picture of a license plate of vehicle 106 once
it has been tracked and transmit the image to a profile
server to identify the vehicle 106. As another example,
the vehicle identification component 606 may be config-
ured to identify the vehicle 106 by transmitting a request
to vehicle 106 to inquire about its identification, and the
vehicle 106 can send its identification to the UAV 102 in
response to the request.
[0041] The information component 608 can be config-
ured to obtain information regarding vehicle 106. In im-
plementations, once the identification of vehicle 106 has
been captured by vehicle identification component 606,
the information component 608 can obtain information
regarding the vehicle 106, for example, from the profile
server via the processing station 110 as shown in FIG.
2C. For instance, the information component 608 can
transmit the identification of the vehicle 106 to the profile
server and the profile server can look the vehicle 106 up
based on identification received. The profile server, in
that example, can provide the vehicle information regard-
ing the vehicle 106 to information component 608 once
it finds a match. The information regarding vehicle 106
can include information regarding communication capa-
bility of vehicle 106, such as one or more communication
hardware carried by the vehicle. The information regard-
ing vehicle 106 can include information indicating a mod-
el, type, make, and/or any other information regarding a
type of the vehicle 106. Such information may be used
to by UAV 102 to assist its communication with vehicle
106.
[0042] The communication component 610 can be
configured to establish a communication link between
the UAV 102 and vehicle 106, error control the commu-
nication between the UAV 102 and vehicle 106, manage
communication status, and/or any other operations. In
certain embodiments, the communication component
610 can be configured to implement the communication
protocols illustrated in FIGs. 3-5.
[0043] The vehicle status component 612 can be con-
figured to obtain a status from an individual vehicle 106.
Examples of the statuses that can be obtained by the
vehicle status component 612 can include a status indi-
cating a load of vehicle 106 (e.g., 50% busy, 80%
processing power is used and so on), a status indicating

vehicle 106 is available to receive any information, and/or
any other statuses.
[0044] FIG. 7 illustrates one exemplary method for fa-
cilitating a UAV network in accordance with the disclo-
sure. The operations of method 700 presented below are
intended to be illustrative. In some embodiments, method
700 may be accomplished with one or more additional
operations not described and/or without one or more of
the operations discussed. Additionally, the order in which
the operations of method 700 are illustrated in FIG. 7 and
described below is not intended to be limiting.
[0045] In some embodiments, method 700 may be im-
plemented in one or more processing devices (e.g., a
digital processor, an analog processor, a digital circuit
designed to process information, an analog circuit de-
signed to process information, a state machine, and/or
other mechanisms for electronically processing informa-
tion). The one or more processing devices may include
one or more devices executing some or all of the oper-
ations of method 700 in response to instructions stored
electronically on an electronic storage medium. The one
or more processing devices may include one or more
devices configured through hardware, firmware, and/or
software to be specifically designed for execution of one
or more of the operations of method 700.
[0046] At 702, a tracking signal can be transmitted from
a UAV. The control signal received at 702 can indicate
a location of a second UAV. The tracking signal can be
in various forms. For example, the UAV 102 may scan
the covered area 104 with a camera aboard UAV 102 in
a pre-determined pattern. For example, the UAV 102 may
scan the covered area 104 in a scan line fashion from on
one corner of the covered area 104 to the opposite corner
of the covered area 104. As another example, the UAV
102 may scan the covered area 104 in a concentric
sphere fashion starting from an outer sphere within the
covered area 104, gradually into inner spheres within the
covered area 104 until the center of the covered area
104. Still as another example, the UAV 102 may scan
the covered area along predefined lines of areas 104, for
example a portion of a road that enters area 104 and
another portion of the road that exits area 104. In certain
embodiments, the UAV 102 may carry a radio transmitter
configured to broadcast in radio signals within the cov-
ered area 104. In some implementations, operation 702
can be performed by tracking component the same as
or substantially similar to tracking component 604 de-
scribed and illustrated herein.
[0047] At 704, an identification of the vehicle tracked
at 702 can be obtained. In certain implementations, the
identification of the vehicle can be obtained by a camera
carried by the UAV 102. For example, the UAV may be
configured to capture a picture of a license plate of vehicle
once it has been tracked. As another example, the UAV
may be configured to transmit a request to vehicle to
inquire about its identification, and the vehicle can send
its identification to the UAV in response to the request.
In some implementations, operation 704 can be per-
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formed by a vehicle identification component the same
as or substantially similar to vehicle identification com-
ponent 606 described and illustrated herein.
[0048] At 706, information regarding the vehicle iden-
tified at 704 can be obtained. In certain implementations,
once the identification of vehicle is obtained by UAV 102
at 704, the UAV can obtain information regarding the
vehicle, for example, from the profile server via the
processing station as shown in FIG. 2C. For instance,
the UAV can transmit the identification of the vehicle to
the profile server and the profile server can look the ve-
hicle up based on identification received. The profile serv-
er, in that example, can provide the vehicle information
regarding the vehicle to UAV once it finds a match. The
information regarding vehicle can include information re-
garding communication capability of vehicle, such as one
or more communication hardware carried by the vehicle.
The information regarding vehicle can include informa-
tion indicating a model, type, make, and/or any other in-
formation regarding a type of the vehicle. Such informa-
tion may be used to by UAV to assist its communication
with vehicle 106. In some implementations, operation
706 can be performed by an information component the
same as or substantially similar to information compo-
nent 606 described and illustrated herein.
[0049] At 708, a request to establish a communication
with the vehicle can be initiated from the UAV based on
the information obtained at 706. For example, the UAV
can send a handshake message to vehicle via the FSO
units 202a and 202b shown FIG. 2 to request the vehicle
to establish a communication channel between vehicle
and UAV. In certain implementations, UAV 102 can in-
clude checksums in the handshake message. In some
implementations, operation 708 can be performed by a
communication component the same as or substantially
similar to communication component 608 described and
illustrated herein.
[0050] At 710, a communication channel can be estab-
lished between the vehicle and UAV. In some implemen-
tations, operation 710 can be performed by a communi-
cation component the same as or substantially similar to
communication component 608 described and illustrated
herein.
[0051] FIG. 8 illustrates a simplified computer system,
according to an exemplary embodiment of the present
disclosure. A computer system 800 as illustrated in FIG.
8 may be incorporated into devices such as a portable
electronic device, mobile phone, or other device as de-
scribed herein. FIG. 8 provides a schematic illustration
of one embodiment of a computer system 800 that can
perform some or all of the steps of the methods provided
by various embodiments. It should be noted that FIG. 8
is meant only to provide a generalized illustration of var-
ious components, any or all of which may be utilized as
appropriate. FIG. 8, therefore, broadly illustrates how in-
dividual system elements may be implemented in a rel-
atively separated or relatively more integrated manner.
[0052] The computer system 800 is shown comprising

hardware elements that can be electrically coupled via a
bus 805, or may otherwise be in communication, as ap-
propriate. The hardware elements may include one or
more processors 810, including without limitation one or
more general-purpose processors and/or one or more
special-purpose processors such as digital signal
processing chips, graphics acceleration processors,
and/or the like; one or more input devices 815, which can
include without limitation a mouse, a keyboard, a camera,
and/or the like; and one or more output devices 820,
which can include without limitation a display device, a
printer, and/or the like.
[0053] The computer system 800 may further include
and/or be in communication with one or more non-tran-
sitory storage devices 825, which can comprise, without
limitation, local and/or network accessible storage,
and/or can include, without limitation, a disk drive, a drive
array, an optical storage device, a solid-state storage de-
vice, such as a random access memory ("RAM"), and/or
a read-only memory ("ROM"), which can be programma-
ble, flash-updateable, and/or the like. Such storage de-
vices may be configured to implement any appropriate
data stores, including without limitation, various file sys-
tems, database structures, and/or the like.
[0054] The computer system 800 might also include a
communications subsystem 830, which can include with-
out limitation a modem, a network card (wireless or
wired), an infrared communication device, a wireless
communication device, and/or a chipset such as a Blue-
toothh device, an 802.11 device, a WiFi device, a WiMax
device, cellular communication facilities, etc., and/or the
like. The communications subsystem 830 may include
one or more input and/or output communication interfac-
es to permit data to be exchanged with a network such
as the network described below to name one example,
other computer systems, television, and/or any other de-
vices described herein. Depending on the desired func-
tionality and/or other implementation concerns, a porta-
ble electronic device or similar device may communicate
image and/or other information via the communications
subsystem 830. In other embodiments, a portable elec-
tronic device, e.g. the first electronic device, may be in-
corporated into the computer system 800, e.g., an elec-
tronic device as an input device 815. In some embodi-
ments, the computer system 800 will further comprise a
working memory 835, which can include a RAM or ROM
device, as described above.
[0055] The computer system 800 also can include soft-
ware elements, shown as being currently located within
the working memory 835, including an operating system
840, device drivers, executable libraries, and/or other
code, such as one or more application programs 845,
which may comprise computer programs provided by
various embodiments, and/or may be designed to imple-
ment methods, and/or configure systems, provided by
other embodiments, as described herein. Merely by way
of example, one or more procedures described with re-
spect to the methods discussed above, such as those
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described in relation to FIG. 8, might be implemented as
code and/or instructions executable by a computer
and/or a processor within a computer; in an aspect, then,
such code and/or instructions can be used to configure
and/or adapt a general purpose computer or other device
to perform one or more operations in accordance with
the described methods.
[0056] A set of these instructions and/or code may be
stored on a non-transitory computer-readable storage
medium, such as the storage device(s) 825 described
above. In some cases, the storage medium might be in-
corporated within a computer system, such as computer
system 800. In other embodiments, the storage medium
might be separate from a computer system e.g., a re-
movable medium, such as a compact disc, and/or pro-
vided in an installation package, such that the storage
medium can be used to program, configure, and/or adapt
a general purpose computer with the instructions/code
stored thereon. These instructions might take the form
of executable code, which is executable by the computer
system 800 and/or might take the form of source and/or
installable code, which, upon compilation and/or instal-
lation on the computer system 800 e.g., using any of a
variety of generally available compilers, installation pro-
grams, compression/decompression utilities, etc., then
takes the form of executable code.
[0057] It will be apparent to those skilled in the art that
substantial variations may be made in accordance with
specific requirements. For example, customized hard-
ware might also be used, and/or particular elements
might be implemented in hardware, software including
portable software, such as applets, etc., or both. Further,
connection to other computing devices such as network
input/output devices may be employed.
[0058] As mentioned above, in one aspect, some em-
bodiments may employ a computer system such as the
computer system 800 to perform methods in accordance
with various embodiments of the technology. According
to a set of embodiments, some or all of the procedures
of such methods are performed by the computer system
800 in response to processor 810 executing one or more
sequences of one or more instructions, which might be
incorporated into the operating system 840 and/or other
code, such as an application program 845, contained in
the working memory 835. Such instructions may be read
into the working memory 835 from another computer-
readable medium, such as one or more of the storage
device(s) 825. Merely by way of example, execution of
the sequences of instructions contained in the working
memory 835 might cause the processor(s) 810 to perform
one or more procedures of the methods described herein.
Additionally or alternatively, portions of the methods de-
scribed herein may be executed through specialized
hardware.
[0059] The terms "machine-readable medium" and
"computer-readable medium," as used herein, refer to
any medium that participates in providing data that caus-
es a machine to operate in a specific fashion. In an em-

bodiment implemented using the computer system 800,
various computer-readable media might be involved in
providing instructions/code to processor(s) 810 for exe-
cution and/or might be used to store and/or carry such
instructions/code. In many implementations, a computer-
readable medium is a physical and/or tangible storage
medium. Such a medium may take the form of a non-
volatile media or volatile media. Non-volatile media in-
clude, for example, optical and/or magnetic disks, such
as the storage device(s) 825. Volatile media include,
without limitation, dynamic memory, such as the working
memory 835.
[0060] Common forms of physical and/or tangible com-
puter-readable media include, for example, a floppy disk,
a flexible disk, hard disk, magnetic tape, or any other
magnetic medium, a CD-ROM, any other optical medium,
punchcards, papertape, any other physical medium with
patterns of holes, a RAM, a PROM, EPROM, a FLASH-
EPROM, any other memory chip or cartridge, or any other
medium from which a computer can read instructions
and/or code.
[0061] Various forms of computer-readable media may
be involved in carrying one or more sequences of one or
more instructions to the processor(s) 810 for execution.
Merely by way of example, the instructions may initially
be carried on a magnetic disk and/or optical disc of a
remote computer. A remote computer might load the in-
structions into its dynamic memory and send the instruc-
tions as signals over a transmission medium to be re-
ceived and/or executed by the computer system 800.
[0062] The communications subsystem 830 and/or
components thereof generally will receive signals, and
the bus 805 then might carry the signals and/or the data,
instructions, etc. carried by the signals to the working
memory 835, from which the processor(s) 810 retrieves
and executes the instructions. The instructions received
by the working memory 835 may optionally be stored on
a non-transitory storage device 825 either before or after
execution by the processor(s) 810.
[0063] The methods, systems, and devices discussed
above are examples. Various configurations may omit,
substitute, or add various procedures or components as
appropriate. For instance, in alternative configurations,
the methods may be performed in an order different from
that described, and/or various stages may be added,
omitted, and/or combined. Also, features described with
respect to certain configurations may be combined in var-
ious other configurations. Different aspects and elements
of the configurations may be combined in a similar man-
ner. Also, technology evolves and, thus, many of the el-
ements are examples and do not limit the scope of the
disclosure or claims.
[0064] Specific details are given in the description to
provide a thorough understanding of exemplary config-
urations including implementations. However, configura-
tions may be practiced without these specific details. For
example, well-known circuits, processes, algorithms,
structures, and techniques have been shown without un-
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necessary detail in order to avoid obscuring the config-
urations. This description provides example configura-
tions only, and does not limit the scope, applicability, or
configurations of the claims. Rather, the preceding de-
scription of the configurations will provide those skilled
in the art with an enabling description for implementing
described techniques. Various changes may be made in
the function and arrangement of elements without de-
parting from the spirit or scope of the disclosure.
[0065] Also, configurations may be described as a
process which is depicted as a schematic flowchart or
block diagram. Although each may describe the opera-
tions as a sequential process, many of the operations
can be performed in parallel or concurrently. In addition,
the order of the operations may be rearranged. A process
may have additional steps not included in the figure. Fur-
thermore, examples of the methods may be implemented
by hardware, software, firmware, middleware, microco-
de, hardware description languages, or any combination
thereof. When implemented in software, firmware, mid-
dleware, or microcode, the program code or code seg-
ments to perform the necessary tasks may be stored in
a non-transitory computer-readable medium such as a
storage medium. Processors may perform the described
tasks.
[0066] Having described several example configura-
tions, various modifications, alternative constructions,
and equivalents may be used without departing from the
spirit of the disclosure. For example, the above elements
may be components of a larger system, wherein other
rules may take precedence over or otherwise modify the
application of the technology. Also, a number of steps
may be undertaken before, during, or after the above
elements are considered. Accordingly, the above de-
scription does not bind the scope of the claims.
[0067] As used herein and in the appended claims, the
singular forms "a", "an", and "the" include plural refer-
ences unless the context clearly dictates otherwise.
Thus, for example, reference to "a user" includes a plu-
rality of such users, and reference to "the processor" in-
cludes reference to one or more processors and equiv-
alents thereof known to those skilled in the art, and so
forth.
[0068] Also, the words "comprise", "comprising", "con-
tains", "containing", "include", "including", and "includes",
when used in this specification and in the following
claims, are intended to specify the presence of stated
features, integers, components, or steps, but they do not
preclude the presence or addition of one or more other
features, integers, components, steps, acts, or groups.

Claims

1. A method for facilitating communication to a vehicle
via an unmanned aerial vehicle (UAV), the method
comprising:

transmitting, at the UAV, a tracking signal for
tracking the vehicle;
obtaining, at the UAV, an identification of the
vehicle in response to the vehicle having been
tracked;
obtaining, at the UAV, information regarding the
vehicle using the identification of the vehicle;
and
base on the information regarding the vehicle,
establishing a communication channel with the
vehicle, wherein the establishing includes initi-
ating, at the UAV, a request to the vehicle re-
questing the vehicle to accept communications
from the UAV.

2. The method of claim 1, wherein the tracking signal
is transmitted in accordance with a predetermined
tracking pattern.

3. The method of claim 2, wherein the tracking pattern
is a scan line tracking pattern for an area covered
by the UAV.

4. The method of any of claims 1, 2 or 3, wherein ob-
taining the identification of the vehicle includes cap-
turing an image of the vehicle using a camera aboard
the UAV.

5. The method of any of the preceding claims, wherein
obtaining the identification of the vehicle includes ac-
quiring the identification from a server operatively
connected to the UAV.

6. The method of any of the preceding claims, wherein
the information regarding the vehicle includes com-
munication hardware information specifying one or
more communication components of the vehicle.

7. The method of any of the preceding claims, wherein
the information regarding the vehicle is obtained
from a server operatively connected to the vehicle.

8. The method of any of the preceding claims, wherein
establishing the communication channel with the ve-
hicle further includes error controlling, at the UAV,
the communication channel.

9. The method of claim 8, wherein the error controlling
includes embedded checksum information in data
packets transmitted to the vehicle.

10. The method of claim 8 or 9, wherein the error con-
trolling includes receiving an acknowledgement
message from the vehicle indicating that a data pack-
et transmitted to vehicle has been received by the
vehicle without error.

11. A system for facilitating communication to a vehicle
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via an unmanned aerial vehicle (UAV), the system
comprising one or more processors configured by
machine readable-instructions to perform the meth-
od of any of claims 1 to 10.

12. A computer program comprising instructions that
when executed by a computing device causes it to
carry out the method of any of claims 1 to 10.
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