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(57) Abstract: A system and method for repowering an un-
manned aircraft system is disclosed. The system and method
may comprise use of a utility transmission system con-
figured to function as power system/source for UAV/aircraft
and UAV/aircratt configured to interface with the power
source/system. Systems and methods provide access and for
administrating, managing, and monitoring access and inter-
facing by UAV/aircraft with the power system/source.
UAV/aircraft system can be configured and operated/man-
aged to interface with and use the power system/source (e.g.
network of power lines from a utility transmission system) to
enhance range and utility (e.g. for repowering and/or as a
flyway or route). The system comprises an interface between
the aircraft and the power source for power transfer; a mon-
itoring system to monitor the aircratt; and an
administrative/management system to manage
interaction/transaction with the aircraft. The power source
for power transfer may be a power line; power transter to the
aircratt may be by wireless power transfer (capacitive or in-
ductive or optical) of an aircraft while at or operating along
the power line. The aircraft may comprise a connector con-
figured to interface with the power source/line; the power
line may be configured to interface with the connector/air-
craft. Data communications between the aircraft and system
may be facilitated for interaction/transaction.
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SYSTEM AND METHOD FOR
POWER TRANSFER TO AN UNMANNED AIRCRAFT

[1] Related Applications: (a) United States Patent Application No. 14/501,302, titled
SYSTEM AND METHOD FOR MANAGEMENT OF AIRSPACE FOR UNMANNED
AIRCRAFT, naming R. Hyde et al. as inventors, filed September 30, 2014 (Docket No.
0712-035-002-000000) is related to and incorporated by reference in the present
application; (b) United States Patent Application No. 14/501,343, titled UNMANNED
AIRCRAFT CONFIGURED FOR OPERATION IN A MANAGED AIRSPACE, naming
R. Hyde et al. as inventors, filed September 30, 2014 (Docket No. 0712-035-003-000000)
is related to and incorporated by reference in the present application; (¢) United States
Patent Application No. 14/501,365, titled SYSTEM AND METHOD FOR OPERATION
OF UNMANNED AIRCRAFT WITHIN A MANAGED AIRSPACE OR FLYWAY,
naming R. Hyde et al. as inventors, filed September 30, 2014 (Docket No. 0712-035-004-
000000) is related to and incorporated by reference in the present application; (d) United
States Patent Application No. 14/546,487, titled SYSTEM AND METHOD FOR
MANAGEMENT OF AIRSPACE FOR UNMANNED AIRCRAFT, naming R. Hyde et
al. as inventors, filed November 18, 2014 (Docket No. 0712-035-002-C00001) is related
to and incorporated by reference in the present application; (e) United States Patent
Application No. 14/560,765, titled SYSTEM AND METHOD FOR OPERATION AND
MANAGEMENT OF RECONFIGURABLE UNMANNED AIRCRAFT, naming R. Hyde
et al. as inventors, filed December 4, 2014 (Docket No. 0114-035-010-000000) is related
to and incorporated by reference in the present application; (f) United States Patent
Application No. 14/560,606, titted RECONFIGURABLE UNMANNED AIRCRAFT
SYSTEM, naming R. Hyde et al. as inventors, filed December 4, 2014 (Docket No. 0114-
035-009-000000) is related to and incorporated by reference in the present application; (g)
United States Patent Application No. 14/630,114, titled SYSTEM AND METHOD FOR
OPERATION AND MANAGEMENT OF RECONFIGURABLE UNMANNED
AIRCRAFT, naming R. Hyde et al. as inventors, filed February 24, 2014 (Docket No.
0114-035-010-C00001) 1is related to and incorporated by reference in the present
1
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application; (h) United States Patent Application No. 14/639,369, titled
RECONFIGURABLE UNMANNED AIRCRAFT SYSTEM, naming R. Hyde et al. as
inventors, filed March 5, 2015 (Docket No. 0114-035-009-C00001) is related to and
incorporated by reference in the present application;; (i) United States Patent Application
No. TBD, titled SYSTEM AND METHOD FOR OPERATING UNMANNED
AIRCRAFT, naming R. Hyde et al. as inventors, filed July 15, 2015, (Docket No. 0114-
035-008-000000) is related to and incorporated by reference in the present application.

[2] All subject matter of the Priority Application(s) is incorporated herein by reference

to the extent such subject matter is not inconsistent herewith.

BACKGROUND

[3] It is known to use unmanned aircraft (e.g referred to as unmanned air/aerial
vehicle (UAV) or drone) and unmanned aircraft systems (UAS) (e.g. include an
operator/pilot at a remote location, drone, etc.) for various purposes in various
environments. Such unmanned aircraft (UAV/craft or UAV/drone craft) at present exist in
a wide variety of forms (shapes/sizes), types (e.g. winged craft, rotor-driven craft, etc.),
propulsion systems (e.g. engines, thrust-production, etc.), capacities, etc., with a wide
variety of capabilities, carrying capacities, control systems, telemetry systems, robustness,
range, etc., and as exist at present are able to perform a wide variety of functions in
military, commercial, and recreational applications. At present, the typical UAV/drone
craft is significantly smaller than a typical manned aircraft and typically may lack the
functionality of typical commercial aircraft; some UAV/drone craft have sophisticated on-
board control systems; some UAV/drone craft are operated by pilots at remote stations
with data communications and instrumentation/feedback from the craft; other UAV/drone
craft may have relatively simple control systems (e.g. basic remote control by line of sight
by the operator).

[4] It is known to provide a UAV/craft for use in any of a wide variety of functions
and operations including parcel/item delivery, monitoring/surveillance, data
transmission/communications, hobby/entertainment, advertising/marketing, etc.

[5] Differences in size/form, use and operation of UAV/drone craft allow for

variations/differences in design configuration, use and operation that can be implemented
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to facilitate various specific functionality modifications and enhancements for UAV/drone
craft.  Differences in the use, operation, operational requirements and design of
UAV/drone craft can facilitate differences in the manner of operation and accompanying
systems and methods of operating UAV/craft and of supporting UAV/craft operation.

[6] The design, configuration, size and form and operation of UAV/drone craft are
different (e.g. typically smaller) from typical commercial aircraft and may vary
significantly between types of UAV/drone craft; UAV/drone craft may be provided in
various forms, including in forms that range from relatively simple to relatively complex.
UAV/drone craft vary in types of design/form, propulsion system configuration, size,
primary purpose, airworthiness/robustness, controllability/telemetry, data communications
and failure modes, etc. UAV/drone craft may be configured to perform functions for
which a manned aircraft is generally not suitable (for various reasons) such as local/light
parcel delivery, surveillance/monitoring, communications, military/government action,
etc. UAV/drone craft may be designed and constructed to have widely varied capabilities
for widely varied functions. Some UAV/drone craft may be designed as “expendable” or
for finite/limited-time use; some UAV/drone craft may be designed for cost-efficiency and
simplicity; other UAV/drone systems may be designed for lengthy useful lives in
operation.

[7] One common form of UAV/craft is configured with a base and one or a set of
rotors (e.g. to provide lift/thrust for propulsion) as in a conventional helicopter. It is
known to provide a UAV/aircraft in which the propulsion system includes an electric
motor driven by an energy storage system including a battery. In such known
arrangements, the range and usefulness of the UAV/aircraft is limited by the amount of
energy available from the battery system. In a typical implementation the UAV/aircraft
will be used in a manner such that it can travel from one location to another location (e.g.
destination) on the amount of energy available (e.g. stored) in the battery; the battery may
typically be charged at one location and then recharged upon arrival at the other location
(e.g. destination). The requirement that the UAV/aircraft operate in such a charge and
recharge arrangement may limit the route and utility of the UA V/aircraft.

[8] It is known that electric power is transmitted through a vast network of utility
transmission systems across the country. Utility transmission systems may comprise

power lines (e.g. utility transmission lines) supported by structures (e.g. utility towers) of
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various types and forms across the network. Power lines are supported and exposed for
access at and between supports but represent an available power source (for apparatus that
can be configured for access).

[9] Improvement of the current state of the art of known utility transmission systems to
function as power system/source for UAV/aircraft and of such UAV/aircraft to interface
with a power source/system provided by a utility transmission system would be
advantageous. Improvement of systems and methods that could provide access and for
administrating, managing, and monitoring access and interfacing by UAV/aircraft with the
power system/source would be advantageous. Improvement of UA V/aircraft that could be
configured and operated/managed to interface with and use a power system/source (e.g.
network of power lines from a utility transmission system) to enhance range and utility

(e.g. for repowering and/or as a flyway or route) would be advantageous.

SUMMARY

[10] Accordingly, it would be advantageous to provide a system and method for
repowering an unmanned aircraft system. It would also be advantageous to provide an
unmanned aircraft configured to be repowered by a system during operation in an
airspace. It would further be advantageous to provide a system and method for operation
and management of a unmanned aircraft to be repowered in an airspace. The present
invention relates to a power transfer to an unmanned aircraft system. The present
invention further relates to a system and method for power transfer to an unmanned
aircraft. The present invention also relates to an unmanned aircraft configured for power
transfer from a system during operation in an airspace. The present invention further
relates to a system and method for operation and management of a power transfer to an
unmanned aircraft. The present inventions generally relate to improvements to methods
and systems for repowering unmanned aircraft and to improvements to unmanned aircraft
and for unmanned aircraft systems and methods.

[11] The present invention relates to a system for managing the repowering of an
energy storage system of an unmanned aircraft from a power source providing a power
line. The system comprises an interface to the aircraft; a monitoring system to monitor the

aircraft; and a management system to manage a transaction with the aircraft. Power is
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supplied from the power source through the interface to the energy storage system of the
aircraft. The management system is configured for transacting with the aircraft supplied
power through the interface so that power can be transferred to the aircraft in the
transaction managed by the management system.

[12] The present invention also relates to a system for managing the repowering of an
energy storage system of an unmanned aircraft from a power source providing a power
line. The system comprises an interface to be coupled to the aircraft; a monitoring system
to monitor the aircraft; and a management system to manage a transaction with the
aircraft. Power is supplied from the power source through the interface to the energy
storage system of the aircraft. The monitoring system is configured for facilitating at least
one of detecting presence of an aircraft; determining identity of an aircraft; and/or
determining status of an aircraft. The management system is configured for transacting
with the aircraft supplied power through the interface so that power can be transferred to
the aircraft in the transaction managed by the management system. The interface is
provided along the power line.

[13] The present invention also relates to a method of transferring power from a power
source providing a power line to an unmanned aircraft having an energy storage system.
The method comprises providing an interface along the power line coupling the aircraft to
the power source;, monitoring the aircraft; transferring power from the power source
through the interface to the aircraft; coupling the aircraft to the power source; and
providing management for the power source including administration for the power source
providing transfer of energy from the power source to the energy storage system of the
aircraft. Power transfer is by wireless power transfer.

[14] The present invention also relates to a method of transferring power from a power
source providing a power line to an unmanned aircraft having an energy storage system.
The method comprises the steps of providing an interface along the power line coupling
the aircraft to the power source; monitoring the aircraft; transferring power from the power
source through the interface to the aircraft; coupling the aircraft to the power source; and
providing management for the power source. Power is available for transfer to the energy
storage system of the aircraft in an interaction with the power source that is administrated

for the power source. Power transfer is by wireless power transfer.
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[15] The present invention also relates to a method of transferring power from a power
source providing a power line to an unmanned aircraft having an energy storage system.
The method comprises the steps of providing an interface along the power line coupling
the aircraft to the power source; monitoring the aircraft; transferring power from the power
source through the interface to the aircraft; coupling the aircraft to the power source; and
administration for the power source. Power is available for transfer to the energy storage
system of the aircraft in an interaction with the power source that is administrated for the
power source.

[16] The present invention also relates to a system for managing the repowering of an
energy storage system of an unmanned aircraft from a power source. The system
comprises an interface to be coupled to the aircraft; a monitoring system to monitor the
aircraft; and a management system to manage interaction with the aircraft. Power is
supplied from the power source through the interface to the energy storage system of the
aircraft by one of capacitive power transfer or inductive power transfer. The management
system is configured for transacting with the aircraft supplied power through the interface
so that power can be transferred to the aircraft in a transaction that is managed by the
management system.

[17] The present invention also relates to a system for managing the repowering of an
energy storage system of an unmanned aircraft from a power source. The system
comprises an interface to be coupled to the aircraft; a monitoring system to monitor the
aircraft; and a management system to manage interaction with the aircraft. Power is
supplied from the power source through the interface to the energy storage system of the
aircraft by one of capacitive power transfer or inductive power transfer. The monitoring
system is configured for at least one of detecting presence of an aircraft, determining
identity of an aircraft; and/or determining status of an aircraft. The management system is
configured for transacting with the aircraft supplied power through the interface so that
power can be transferred to the aircraft in a transaction that is managed by the
management system.

[18] The present invention also relates to a system for managing the repowering of an
energy storage system of an unmanned aircraft from a power source comprising a power
line. The system comprises an interface to be coupled to the aircraft; a monitoring system

to monitor the aircraft; and a management system to manage interaction with the aircraft.
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Power is supplied from the power source through the interface to the energy storage
system of the aircraft. The management system is configured for transacting with the
aircraft supplied power through the interface so that power can be transferred to the
aircraft in a transaction that is managed by the management system. Power transfer is by
wireless power transfer.

[19] The present invention also relates to a system for managing the repowering of an
energy storage system of an unmanned aircraft from a power source. The system
comprises a power line comprising an interface to be coupled to the aircraft; a monitoring
system to monitor the aircraft; and a management system to manage interaction with the
aircraft. Power is supplied from the power source through the interface to the energy
storage system of the aircraft. The monitoring system is configured for at least one of
detecting presence of an aircraft; determining identity of an aircraft; determining status of
an aircraft. The management system is configured for transacting with the aircraft
supplied power through the interface so that power can be transferred to the aircraft in a
transaction that is managed by the management system. Power transfer is by wireless
power transfer.

[20] The present invention also relates to a system for managing the repowering of an
energy storage system of an unmanned aircraft from a power source providing a power
line. The system comprises an interface to be coupled to the aircraft; a monitoring system
to monitor the aircraft; and an administration system to administrate interaction with the
aircraft. Power is supplied from the power source through the interface to the energy
storage system of the aircraft. The administration system is configured for interacting
with the aircraft supplied power through the interface so that power can be transferred to
the aircraft in a transaction that is administrated by the administration. Power is supplied
at the interface along the power line to the aircraft by at least one of capacitive power
transfer or inductive power transfer.

[21] The present invention also relates to a system for managing the repowering of an
energy storage system of an unmanned aircraft from a power source providing a power
line. The system comprises an interface to be coupled to the aircraft; a monitoring system
to monitor the aircraft; and an administration system to administrate interaction with the
aircraft. Power is supplied from the power source through the interface to the energy

storage system of the aircraft. The monitoring system is configured for at least one of
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detecting presence of an aircraft; determining identity of an aircraft; determining status of
an aircraft. The administration system is configured for interacting with the aircraft
supplied power through the interface so that power can be transferred to the aircraft in a
transaction that is administrated by the administration. Power is supplied at the interface
along the power line to the aircraft by at least one of capacitive power transfer or inductive
power transfer.

[22] The present invention also relates to a method of transferring power to an
unmanned aircraft having an energy storage system from a power system providing an
administration system and a power source comprising a power line. The method
comprises providing an interface between the aircraft and the power source; transferring
power to the aircraft from the power source through the interface; and data communication
between the aircraft and the power system. The interface for power transfer to the aircraft
is provided along the power line.

[23] The present invention also relates to a method of transferring power to an
unmanned aircraft having an energy storage system from a power system providing an
administration system and a power source. The method comprises a power line
comprising the steps of providing an interface coupling the aircraft to the power source;
coupling the aircraft to the power source; transferring power to the aircraft from the power
source through the interface; and data communication between the aircraft and the power
system. The interface for power transfer to the aircraft is provided along the power line.
[24] The present invention also relates to an unmanned aircraft system comprising an
unmanned aircraft configured for power transfer from a power system providing a power
source. The system comprises a power line comprising an energy storage system; an
interface for power transfer; an identifier provided to identify the aircraft for the power
system; and a system configured for data communications with the power system and the
aircraft. Power transfer to the energy storage system of the aircraft can be provided by the
power source at the interface and identification of the aircraft can be provided for the
power source by the identifier of the aircraft. Power transfer is by one of capacitive power
transfer or inductive power transfer.

[25] The present invention also relates to an unmanned aircraft system comprising an
unmanned aircraft configured for power transfer from a power system providing a power

source comprising a power line. The system comprises an energy storage system; an
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interface for power transfer; an identifier provided to identify the aircraft for the power
source; and a system configured for data communications by the aircraft with the power
system. Power transfer to the energy storage system of the aircraft can be provided by the
power source at the interface and identification of the aircraft can be provided for the
power source by the identifier of the aircraft. The interface is provided along the power
line.

[26] The present invention also relates to an unmanned aircraft system comprising an
unmanned aircraft configured for power transfer from a power system providing a power
source. The system comprises a power line comprising an energy storage system; an
interface for power transfer; an identifier provided to identify the aircraft for the power
source; and a system configured for data communications by the aircraft with the power
system. Power transfer to the energy storage system of the aircraft can be provided by the
power source at the interface and identification of the aircraft can be provided for the
power source by the identifier of the aircraft. Power transfer is by one of capacitive power
transfer or inductive power transfer. The interface is provided along the power line.

[27] The present invention also relates to a method of operating an unmanned aircraft
with an energy storage system and identifier configured for an interface for power transfer
from a power system providing a power source comprising at least one power line. The
method comprises interacting with the power system; interfacing with the power source at
the interface; transferring power from the power source to the energy storage system,;
communicating with the power system; and transacting with the power system. Power
transfer to the energy storage system of the aircraft can be provided by the power source at
the interface and identification of the aircraft can be provided for the power system by the
identifier of the aircraft. Power transfer is by wireless power transfer.

[28] The present invention also relates to a method of operating an unmanned aircraft
with an energy storage system and identifier configured for an interface for power transfer
from a power system providing a power source comprising at least one power line. The
method comprises the steps of interacting with the power system; interfacing with the
power source at the interface; coupling to the power source; transferring power from the
power source to the energy storage system;, communicating with the power system; and
transacting with the power system. Power transfer to the energy storage system of the

aircraft can be provided by the power source at the interface and identification of the
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aircraft can be provided for the power system by the identifier of the aircraft. Power
transfer is by wireless power transfer.

[29] The present invention also relates to an unmanned aircraft system comprising an
unmanned aircraft configured for power transfer from a power source provided by a power
system comprising at least one power line configured for an interaction with the power
system. The system comprises a battery system; an interface for power transfer; an
identifier provided to identify the aircraft for the power system; and a system configured
for data communications of information with the power system. Power transfer to the
battery system of the aircraft can be provided by the power source at the interface and
identification of the aircraft can be provided for the power system by the identifier of the
aircraft. Power transfer is by wireless power transfer.

[30] The present invention also relates to a method of transferring power to an
unmanned aircraft having an energy storage system from a power source provided by a
power system with a monitoring system and an administration system and providing a
structure for power lines of the power source. The method comprises the steps of
providing an interface between the aircraft and the power source; data communication by
the aircraft to the administration system for the power source; transferring power to the
aircraft from the power source through the interface by one of capacitive power transfer or
inductive power transfer; and data communication by the aircraft to the administration
system for the power source.

[31] The present invention also relates to a method of transferring power to an
unmanned aircraft having an energy storage system from a power source provided by a
power system with a monitoring system and an administration system and providing a
structure for power lines of the power source. The system comprises the steps of
providing an interface coupling the aircraft to the power source; coupling the aircraft to
the power source; data communication by the aircraft to the administration system for the
power source; transferring power to the aircraft from the power source through the
interface by one of capacitive power transfer or inductive power transfer, and data
communication by the aircraft to the administration system for the power source.

[32] The present invention also relates to a method of transferring power to an
unmanned aircraft having an energy storage system from a power system providing a

power source comprising a power line. The method comprises the steps of providing an
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interface coupling the aircraft to the power source; coupling the aircraft to the power
source; transferring power to the aircraft from the power source through the interface by
one of capacitive power transfer or inductive power transfer, and providing data
communication between the aircraft and the power system.

[33] The present invention also relates to an unmanned aircraft system comprising an
unmanned aircraft configured for power transfer from a power system providing a power
source comprising a power line. The system comprises an energy storage system; an
interface for power transfer; a profile to register the aircraft with the power system; an
identifier provided to identify the aircraft for the power source; and a system configured
for data communications with the power source. Power transfer to the energy storage
system of the aircraft can be provided by the power source at the interface and
identification of the aircraft can be provided for the power source by the identifier of the
aircraft. The interface is provided along the power line.

[34] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference to

the drawings and the following detailed description.

FIGURES

[35] FIGURES 1 and 2 are top schematic perspective views of a flyway system in a
region according to an exemplary embodiment.

[36] FIGURE 3A is a schematic perspective view of system according to an exemplary
embodiment.

[37] FIGURE 3B is a schematic partial perspective view of system with an aircraft
according to an exemplary embodiment.

[38] FIGURE 4A is a schematic diagram of an aircraft according to an exemplary
embodiment.

[39] FIGURE 4B is a schematic side elevation view of an aircraft according to an
exemplary embodiment.

[40] FIGURE 4C is a schematic top perspective view of an aircraft according to an

exemplary embodiment.

11



10

15

20

25

30

WO 2017/011739 PCT/US2016/042475

[41] FIGURE 4D is a schematic bottom perspective view of an aircraft according to an
exemplary embodiment.

[42] FIGURES 5A and 5B are schematic perspective views of an aircraft and power
line/source according to an exemplary embodiment.

[43] FIGURES 6A and 6B are schematic side elevation views of an aircraft and power
line/source according to an exemplary embodiment.

[44] FIGURES 7A through 7G are schematic side elevation views of an aircraft and
power line/source according to exemplary embodiments.

[45] FIGURE 7H is a schematic side elevation view of an aircraft and power line/source
according to an exemplary embodiment.

[46] FIGURE 8A is a schematic front elevation view of an apparatus for an interface of
an aircraft with a power line/power source according to an exemplary embodiment.

[47] FIGURES 8B and 8C are schematic perspective views of an apparatus for an
interface of an aircraft with a power line/power source according to an exemplary
embodiment.

[48] FIGURES 8D through 81 are schematic side elevation views of an apparatus for an
interface of an aircraft with a power line/power source according to an exemplary
embodiment.

[49] FIGURES 9A and 9B are schematic side elevation views of an aircraft and power
line/source according to an exemplary embodiment.

[50] FIGURE 9C is a schematic perspective view of an aircraft and power line/source
according to an exemplary embodiment.

[51] FIGURE 10A is a schematic side elevation view of an apparatus for an interface of
an aircraft with power line/source according to an exemplary embodiment.

[52] FIGURE 10B is a schematic perspective view of an apparatus for an interface of an
aircraft with power line/source according to an exemplary embodiment.

[53] FIGURE 10C is a schematic side elevation view of an apparatus for an interface of
an aircraft with power line/source according to an exemplary embodiment.

[54] FIGURE 10D is a schematic perspective view of an apparatus for an interface of
an aircraft with power line/source according to an exemplary embodiment.

[55] FIGURE 10E is a schematic front elevation view of an apparatus for an interface

of an aircraft with power line/source according to an exemplary embodiment.
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[56] FIGURES 11A-11E are schematic side elevation views of an apparatus for an
interface of an aircraft with power line/source according to an exemplary embodiment.

[57] FIGURES 11F and 11G are schematic cross-section detail elevation views of the
apparatus for an interface of an aircraft with power line/source according to an exemplary
embodiment.

[58] FIGURE 11H is a schematic front elevation view of an apparatus for an interface
of an aircraft with power line/source according to an exemplary embodiment.

[59] FIGURES 12A to 12C are schematic system block diagrams of the power system
according to an exemplary embodiment.

[60] FIGURES 13A to 13C are schematic system block diagrams of the power system
according to an exemplary embodiment.

[61] FIGURES 14 to 18 are schematic perspective views of the power system/flyway
system according to an exemplary embodiment.

[62] FIGURE 19 is a schematic partial perspective view of the power system/flyway
system with an aircraft according to an exemplary embodiment.

[63] FIGURES 20 and 21A are schematic perspective views of an aircraft and the
power system/flyway system according to an exemplary embodiment.

[64] FIGURE 21B is a schematic side elevation view of a system with an aircraft
according to an exemplary embodiment.

[65] FIGURE 22 is a schematic partial perspective view of the power system/flyway
system with an aircraft according to an exemplary embodiment.

[66] FIGURES 23 to 31 are schematic side elevation views of the power system
(including apparatus for the system with aircraft) according to an exemplary embodiment.
[67] FIGURE 32A is a schematic system block diagram of aircraft and the power
system according to an exemplary embodiment.

[68] FIGURE 32B is a schematic system block diagram of an identifier for aircraft
according to an exemplary embodiment.

[69] FIGURE 32C is a schematic system block diagram of aircraft and the power
system according to an exemplary embodiment.

[70] FIGURE 33 is a schematic system block diagram of a system with a power
converter/transformer system for aircraft and the power system according to an exemplary

embodiment.
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[71] FIGURES 34A and 34B are schematic system block diagrams of a system showing
an interface for aircraft and the power system according to an exemplary embodiment.

[72] FIGURE 35 is a schematic system block diagram of a system showing a wireless
power transfer interface for aircraft and the power system according to an exemplary
embodiment.

[73] FIGURE 36 is a schematic system block diagram of a system showing the interface
for aircraft and the power system according to an exemplary embodiment.

[74] FIGURE 37 is a schematic system block diagram of a system showing an aircraft
according to an exemplary embodiment.

[75] FIGURES 38A through 38D are schematic system block diagrams of the interface
for the an aircraft and the power system according to an exemplary embodiment.

[76] FIGURE 39 is a schematic system block diagram of a system showing an
administration/management system and other systems for aircraft and the power system
according to an exemplary embodiment.

[771 FIGURE 40 is a schematic system block diagram of a system showing connectivity
through the power system with a network according to an exemplary embodiment.

[78] FIGURE 41 is a schematic system block diagram of a system showing connectivity
through the power system with a network according to an exemplary embodiment.

[79] FIGURE 42 is a schematic system block diagram of a system showing a computing
system for the UAV/craft and the power system according to an exemplary embodiment.
[80] FIGURE 43 is a schematic system block diagram of a system showing a network
system for aircraft and the power system according to an exemplary embodiment.

[81] FIGURE 44 is a schematic system block diagram of a system showing connectivity
over a network and/or with aircraft system functions/programs for the power source
according to an exemplary embodiment.

[82] FIGURE 45 is a schematic system block diagram of a system showing connectivity
over a network and/or with aircraft system functions/programs for the power source
according to an exemplary embodiment.

[83] FIGURE 46 is a schematic system block diagram of a system functions/programs
for the power source according to an exemplary embodiment.

[84] FIGURE 47 is a schematic system block diagram of a system showing an aircraft

system according to an exemplary embodiment.
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[85] FIGURE 48 is a schematic system block diagram of a system showing
data/information sets for aircraft and the power system according to an exemplary
embodiment.
[86] FIGURE 49 is a schematic system block diagram of a system configuration for
aircraft according to an exemplary embodiment.
[87] FIGURE 50A is a schematic system block diagram of a system showing an energy
storage system for aircraft and the power system according to an exemplary embodiment.
[88] FIGURE 50B is a schematic system block diagram of a system showing an
interface system for aircraft and the power system according to an exemplary embodiment.
[89] FIGURE 50C is a schematic system block diagram of a system showing a power
source/system for aircraft and the power system according to an exemplary embodiment.
[90] FIGURE 51 is a is a schematic system block diagram of a system showing
connectivity over a network and/or with an aircraft and the power system with network
according to an exemplary embodiment.
[91] FIGURES 52A and 52B are flow diagrams for use and operation of the system
functions for aircraft and the power system according to an exemplary embodiment.
[92] FIGURES 53A and 53B are flow diagrams for use and operation of the system
functions for aircraft and the power system according to an exemplary embodiment.
[93] FIGURE 54 is a flow diagram for system functions for use and operation of the
aircraft and the power system according to an exemplary embodiment.
[94] FIGURES 55A and 55B are flow diagrams for use and operation of the system
functions for aircraft and the power system according to an exemplary embodiment.
[95] FIGURE 56 is a flow diagram for use and operation of the system functioning for
aircraft and the power system according to an exemplary embodiment.
[96] FIGURE 57 is a flow diagram for use and operation of the system functions for
aircraft and the power system according to an exemplary embodiment.
[97] FIGURE 58 is a flow diagram for use and operation of the system functions for
aircraft and the power system according to an exemplary embodiment.

DESCRIPTION
[98] A system and method for repowering an unmanned aircraft system is disclosed
according to exemplary and alternative embodiments. The system comprises an

unmanned aircraft configured to operate in an airspace. A system and method for
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repowering an unmanned aircraft and a system and method for operation and management
of an unmanned aircraft to be repowered in an airspace are also disclosed according to an
exemplary and alternative embodiments.

[99] Referring to FIGURES 1-2, a flyway arrangement for the system is shown
schematically and representationally according to an exemplary embodiment. Referring to
FIGURES 3A-3B and 12A-12C to 13A-13C, 14-31 and 32A/32C, systems for repowering
an aircraft (shown as a UAV/craft) used for unmanned flight are shown representationally
and schematically according to exemplary embodiments. Referring to FIGURES 4A-4D
through 11A-11H, 32A-32C, 33-37, 38A-38D and 42-51, the UAV/craft is shown
schematically and representationally according to an exemplary embodiment (including
with interface to the system). According to the exemplary embodiments, the system and
UAV/craft interact under management and control as indicated representationally and
schematically in FIGURES 5A-5B, 6A-6B, 7A-7G, 7H, 9A-9C, 10A-10B, 10C-10E, 11A-
11H, 14-31, 32A-32C, 33-37, 38A-38D, 39-41, 42, 43, 44-46, 47-49 and 50A-50C.
Methods of use and operation of UAV/craft and system are shown representationally and

schematically according to exemplary embodiments in FIGURES 52A-52B through 58.

Introduction
[100] According to an exemplary embodiment, a system (S) for managing the
repowering of an energy storage system (ES) of an unmanned aircraft (UAV or
UAV/craft) from a power source (PS) may comprise an interface (IF) to be established
with the aircraft, a monitoring system (NS) to monitor the aircraft, and an
administration/management system (AS/MS) to manage interaction/transaction with the
aircraft. According to an exemplary embodiment of the system and method, power (e.g.
electrical energy) is supplied from the power source (e.g. electrical/utility power line with
associated electronics and optional instrumentation) through the interface to the energy
storage system (e.g. battery system/associated electronics for the propulsion system) of the
aircraft. See for example various exemplary embodiments shown schematically and
representationally in FIGURES 1, 2, 3A-3B, 5A-5B, 8A-81, 9A-9C, 10A-10E, 12A-12C,
16, 18, 20-22, 32A/32C, 35, 39-41, 44-51 and 54-58.
[101] The administration/management system (AS/MS or S) is configured to

administrate the interface of aircraft with the system including registration, identification,
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scheduling/reserving time, billing/invoice, etc. for aircraft at the power source (PS). See
for example FIGURES 3A-3B, 32A/32C, 39-41, 43, 51, 52A-52B through 58. According
to an exemplary embodiment, the administration system (AS) is configured to administrate
interaction with the aircraft; interaction may comprise at least one of communications with
the aircraft, providing authorization for repowering the aircraft, repowering the aircraft,
etc. According to an exemplary embodiment, the management system (MS) is configured
for transacting with the aircraft supplied power through the interface (IF). See for
example FIGURES 39-41 and 51. The monitoring system (NS) is configured for at least
one of detecting presence of an aircraft, determining identity of an aircraft, determining
status of an aircraft, etc. See for example FIGURES 3A-3B, 16 and 20.

[102] According to an exemplary embodiment, the system and UAV/craft are configured
for data communications to facilitate interaction and transaction for power transfer to the
UAV/craft at the power source. See for example FIGURES 32A/32C, 39-41, S0A-50C,
51, 52A-52B and 58.

[103] According to an exemplary embodiment, the system is integrated with a utility
transmission system (e.g. managed by a utility/power company) providing a grid or
network of power lines (W) that provide a set of locations for repowering a UAV/craft;
according to an exemplary embodiment, the power lines (e.g. wires) are supported by
structures (e.g. tower T, buildings O, etc.) that may establish a set of flyways (F) for
UAV/craft to follow or intersect in transit on a mission. See for example FIGURES 1, 2,
3A-3B, 12C, 14-22, 35, 52A-52B and 56-58. As indicated schematically and
representationally, according to an exemplary embodiment the system may be provided in
a variety of configurations and arrangements to provide a power line/power source for
repowering UAV/craft (see generally FIGURES 1-2 and 14-31). According to certain
exemplary embodiments, a utility transmission system may be configured primarily for
repowering UAV/craft (e.g. with specific design modifications as indicated schematically
for example in FIGURES 3A-3B); according to other exemplary embodiments (as
indicated schematically for example in FIGURES 15 through 18), the utility transmission
system may be configured primarily for transmission of electrical power (e.g. providing
electricity for land-based commercial/industrial, residential, etc. customers) with the
system for repowering UAV/craft as an auxiliary function (e.g. an add-on

system/capability); according to an alternative embodiment the utility transmission system
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may be configured without on-site administrative/management capability at the charging
location/power source for UAV/craft (e.g. the UAV/craft will repower and self-report
power usage to the system). See for example FIGURES 1 and 2.

[104] According to an exemplary embodiment, the power source (PS) may comprise a
power line (W) and/or charging station (CT); the charging station may comprise an
electric power line. See for example FIGURES 3A-3B, 12A-12C, 13A-13C and 19-22
(e.g. electric power line adjacent a utility tower/structure/building, electric transmission
line, a utility line, etc.).

[105] According to an exemplary embodiment, power transfer to the UAV/craft may be
provided through an interface between the UAV/craft (e.g. at a connection) and the power
source (e.g. at a charging station, power line, etc.) by capacitive power transfer, inductive
power transfer or other types of power transfer (e.g. by implementation of
known/conventional power transfer/charging technologies). See for example FIGURES
3A-3B, 5B, 6B, 7A-7G, 7H, 9B-9C, 11A-11E, 12A-12C, 13A-13C, 32A/32C, 33, 34A-
34B, 35, 36-37, 38A-38D and 51.

[106] According to an exemplary embodiment, a method of transferring power from a
power source to an unmanned aircraft having an energy storage system may comprise the
steps of providing an interface coupling the aircraft to the power source, monitoring the
aircraft, transferring power from the power source through the interface to the aircraft,
coupling the aircraft to the power source, and administration for the power source. See for
example FIGURES 52A-52B, 53A-53B, 54, 55A-55B and 56-58.

[107] According to an exemplary embodiment, powering the energy storage system of
the aircraft may comprise charging a battery system using electrical energy. See for

example FIGURES 4B-4D, 47-49, S0A and 51.

System Overview

[108] Referring to FIGURE 1, an airspace above a region is shown schematically and
representationally according to an exemplary embodiment. Airspace comprises a space
above land in a region with physical features shown as a road and a river and associated
terrain, etc. According to an exemplary embodiment, the land in the region below the
airspace comprises facilities for commerce, industry, inhabitants, transportation, etc. For

example, the region includes ground transportation for common carriers such as a railroad
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as well as obstructions to flight such as terrain and buildings shown schematically and
representationally as homes O. Region also comprises a utility transmission line system
(e.g. power lines) comprising wires W connected and supported by structures or supports
shown schematically and representationally as towers T. Unmanned aircraft (UAV) are
shown in transit on flyways (F) designated in the airspace above the region. As shown
schematically and representationally according to an exemplary embodiment, flyway FR is
designated above a road, flyway FL is designated above a railroad line/track, flyway FN is
designated above a waterway (e.g. river or creek) and flyway FT is designated above a
utility transmission system (e.g. power lines supported by utility towers). (Flyways in an
airspace are also generally designated with reference symbol F, see for example FIGURES
3A-3B and 20, 21A-21B))

[109] Referring to FIGURE 2, a utility/electric transmission line system comprising
wires W and towers T is shown schematically and representationally according to an
exemplary embodiment. A flyway FT for UAV/craft (e.g. right of way) is provided above
the wires W along towers T. As indicated, according to an exemplary embodiment the
power lines W provide or may be configured to provide a power source (e.g. electrical
energy). According to an exemplary embodiment, segments of the power line may be
defined between towers/structures; UAV/craft may be configured with a propulsion
system (e.g. electric motors) operating an electrical energy (e.g. an energy storage system
such as a battery system). See for example FIGURES 4B-4D, SA-5B, 9C, 50A and 51.
[110] Referring to FIGURES 3A-3B, a power system is shown schematically and
representationally according to an exemplary embodiment. Referring to FIGURE 3A, a
schematic representation of a utility transmission system comprising structures shown as
towers T and wires W (e.g. power lines providing a power source and supported by the
structures) is shown configured for interaction with UAV/craft. According to an
exemplary embodiment, a system S for interaction with UAV/craft is provided at a tower
T. According to an exemplary embodiment, system S provides a monitoring system with
a detector D for facilitating interaction with UAV/craft. A set of parking/landing areas
shown as roosts R (e.g. with a platform P providing a landing or perch) for UAV/craft can
be provided at towers T. See for example FIGURES 3A-3B, 12A-12C and 13A-13C
(roost R for systems S providing platform P at base station BS). According to an

exemplary embodiment, the power system comprises a power source for repowering
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UAV/craft (e.g. for providing electrical energy for recharging the battery system of an
electrically-powered UAV/craft with a propulsion system comprising rotors driven by
electric motors).

[111] As shown schematically and representationally in FIGURES 3A and 3B,
UAV/craft are in transit using the wires of the utility transmission system as a flyway (e.g.
right-of-way for guiding at least a segment of a route for flight) for transit. See also
FIGURES 1, 2, 5B, 9C, 14-20, 21A-21B and 22. As also indicated schematically and
representationally, according to an exemplary embodiment UAV/craft are coupled to the
power line or wire W of the utility transmission system for repowering through an
interface created between the power line W (power source) and the UAV/craft (e.g.
repowering of the energy storage system for the UAV/craft such as by recharging of a
battery system used to power electric motors driving rotor/blade systems of the propulsion
system of the UAV/craft). See also for example FIGURES 32A-32C and 33-35 (interface
IF). As indicated according to an exemplary embodiment, UAV/craft may also be
configured to repower or recharge while positioned on the platform or roost associated
with a tower T of the utility transmission system. See FIGURES 3A-3B and 7H.
Referring to FIGURE 3B, a configuration of the utility transmission system providing a
tower T with multiple detectors D of the monitoring system is shown schematically and
representationally along with UAV/craft in transit interfacing for repowering/recharging
and UAV/craft parked (roosting). According to an exemplary embodiment, UAV/craft in
transit or interacting with the system S are configured to be detected by detectors D of the
monitoring system. See for example FIGURES 3A-3B, 12A-12C, 16, and 19, 20, and
21A-21B.

[112] Referring to FIGURES 4A through 4D, UAV/craft configurations are shown
schematically and representationally according to an exemplary embodiment (FIGURE
4A, a UAV/craft is represented schematically). Referring to FIGURES 4B through 4C, a
UAV/craft configured to interface with the utility transmission system for repowering is
shown. As shown, schematically and representationally according to an exemplary
embodiment, UAV/craft comprises a base providing multiple rotors as well as a structure
for supporting a payload L. UAV/craft is also provided with a detector D to interact or
provide data to the control system of the UAV/craft. According to an exemplary

embodiment, UAV also comprises an identifier ID (e.g. a visual indicator, tag, electronic
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device, RFID device, transmitter, etc.) presenting information or data communication to
facilitate identification of the UAV/craft to a monitoring system. See for example
FIGURES 4B-4D, SA-5B, 6A-6B and 47-49. According to an exemplary embodiment,
UAV/craft also comprises an apparatus shown as comprising a connector C configured to
provide an interface to a wire of the utility transmission system so that the UAV/craft can
be recharged conveniently. See for example FIGURES 5B, 6A-6C, 7A-7G and 9B-9C.

[113] Referring to FIGURES 5A-5B, 6A-6B, 7A-7G, 7H and 9A-9C, a UAV/craft
configured to interact with a power source shown as a power line W (of a utility
transmission system) is shown schematically according to an exemplary embodiment.
UAV/craft provides an apparatus shown as comprising a connector C (shown
schematically and representationally) to create an interface with power line W for power
transfer to the UAV/craft (e.g. electrical energy transfer from power source to energy
storage system such as a battery system on the UAV/craft, see e.g. FIGURE 32). As
indicated in FIGURES 7A-7G (for example) according to an exemplary embodiment, the
connector C shown schematically and representationally may be configured for power
transfer by any of a wide variety of methods (e.g. using magnetic field, using electric field,
through capacitive connection, through an inductive connection, through a
resistive/conductive connection, through an optical link, etc.) known and used for power
transfer (e.g. by direct, wireless, etc. connection). Referring to FIGURES 4B-4D, SA-5B,
6A-6B and 7A-7B, according to an exemplary embodiment shown schematically and
representationally, the apparatus providing the connector C may be provided on an arm or
tether A that can be selectively deployed (when in use) to be carried below the base and
payload L of the UAV/craft and retracted (when not in use) to the base of the UAV/craft.
See also FIGURES 9A-9C. As indicated schematically and representationally in
FIGURES 5B, 6B, 7A-7G, 9A-9C, 10A-10E and 11A-11H, according to an exemplary
embodiment the UAV/craft may comprise an apparatus to establish the interface with the
power source/power line that comprises a structure such as a hook or guide H that is
configured at least partially to engage the power line W (e.g. mechanical engagement).

[114] As indicated schematically and representationally in FIGURES 5B, 6B and 7B-7G
(for example) according to an exemplary embodiment, the interface established by
connector C (e.g. facilitated with/by guide G) with the power source shown as power line

W can be provided in any of a variety of mechanical/electrical arrangements including

21



10

15

20

25

30

WO 2017/011739 PCT/US2016/042475

arrangements that may allow transfer of power to the UAV/craft while the UAV/craft is
hovering above the power line W or stationed/supported on the power line W. See also
FIGURES 32A/32C and 33-36. As indicated schematically and representationally
according to an exemplary embodiment, the connector/interface of the UAV/craft and
power source/interface may comprise any suitable type of apparatus/system configured or
configurable for power transfer from the power source to the UAV/craft for
repowering/recharging (e.g. power transformer in or adjacent to the connector
wiring/conductors from the connector into the associated energy storage/battery system of
the UAV/craft (measurement/instrumentation, power conversion/electronics, thermal
management, etc.).

[115] Referring to FIGURES 9A-9C, according to an exemplary embodiment shown
schematically and representationally, the UAV/craft may establish through an apparatus
providing a connector C an interface that allows for power transfer to the UAV/craft from
the power source shown as power line W while the UAV/craft is in transit along the
flyway designated above the power line W and associated utility transmission system. As
shown schematically and representationally according to an exemplary embodiment, in
FIGURES 9A-9B, the apparatus with connector C and guide H is deployed on arm/tether
A from the base of the UAV/craft and onto the power line W to establish the interface for
power transfer and the UAV/craft then pulls the connector C with guide H along the power
line W while continuing in transit (lifting the connector from the power line at any tower
or obstruction).

[116] As shown schematically and representationally according to an exemplary
embodiment in FIGURES 7D, 7G and 8D-8I the connection may be established using a
connector C configured as a loop; as shown in FIGURES 7F and 7G, the UAV/craft may
use a member shown as guide G to establish a stable mechanical/electrical connection (e.g.
by any suitable means or method, wireless or direct, etc.) for power transfer from the
power source shown as power line W; the UAV/craft may employ a set of multiple
connectors as shown in FIGURE 7C. See also FIGURES 34B, 36 and 38C-38D (e.g.
connectors may be provided for multiple types of connections by the UAV/craft such as
direct, wireless, resistive, inductive, capacitive, magnetic, electric, optical, etc. with a

single UAV/craft having multiple types of connection capability).
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[117] According to an exemplary embodiment shown schematically and
representationally in FIGURE 7H, the system may provide a roost R (e.g. on a platform
such as shown in FIGURES 3A-3B) for the UAV/craft and a structure shown as stands ST
to support the UAV. (According to an alternative embodiment the UAV/craft may
provide support members, see for example FIGURE 4C.) According to an exemplary
embodiment of the power system, the roost R or platform P may provide a charging
station CT to interface the UAV/craft for power transfer from the power source. See for
example FIGURES 3A-3B, 12A-12C, 13A-13C, 16, 18, 20, 21A, 22, 23-31, 32A/32C, 33,
35, 36 and 38A-38D. (According to an exemplary embodiment the platform may be
comprised in a base station BS providing a shelter such as a windbreak or rain/snow cover,
see for example FIGURE 21A))

[118] As shown schematically and representationally according to an exemplary
embodiment in FIGURES 9C and 10A-10B, 10C-10D, the apparatus with connector C can
be configured with guide H to fit with the form of the power line W (e.g. a form with
curved shape to fit a circular cross-section power line) as deployed from arm/tether A.
Referring to FIGURES 11A-11G, as shown schematically and representationally
according to an exemplary embodiment the apparatus for connector C with guide H may
comprise a mechanism M (shown as an example as a spring-biased mechanism) that is
intended to clasp onto the power line W; as shown in FIGURES 11A-11B, the apparatus
for connector C engages down onto the power line W and the (spring) mechanism M
spreads the sides of the apparatus for connector C to fit over the exterior of the power line
W; as shown in FIGURE 11C, the apparatus with guide H for connector C is fit onto the
power line W with sides of mechanism M restored to a default position (and the interface
for in-transit power transfer with guide H secured around power line W is established); as
shown in FIGURES 11D and 11E the guide H disengages by lifting off of the power line
W which spreads sides of the mechanism M of connector to fit over the exterior of power
line W until freed from the connection (e.g. the spring-biased mechanism is designed such
that forces ordinarily encountered in engagement and disengagement will separate the two
sections of the connector). According to an exemplary embodiment any of a wide variety
of mechanisms may be used for such an arrangement to secure the connector from the
UAV/craft to the power line (e.g. against unintentional separation such as by

environmental effects such as wind/weather or transient flight control effects).
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[119] According to an exemplary embodiment shown schematically and
representationally in FIGURES 5A-5B, 6A-6B, 7A-7G, 8A-81, 10A-10E and 11A-11H,
the UAV/craft may be provided with an apparatus intended to facilitate a connection (e.g.
coupling) for power transfer from the power source (e.g. power line). As indicated
schematically and representationally in FIGURES 8A-8C according to an exemplary
embodiment, a connector C on the UAV/craft may facilitate power transfer from the
power line W to the UAV/craft. See also for example FIGURES 5B, 6A-6B, 7A-7G, 8D-
8L, 9A-9C and 10A-10D. As indicated schematically and representational according to an
exemplary embodiment, a guide H may facilitate engagement with the power line W and
an interface for (wireless) power transfer (e.g. inductive, capacitive, etc.) through
connector C (e.g. shown schematically and representationally to include a configuration to
facilitate wireless power transfer). See for example FIGURES 5B, 6A-6B, 7A-7G, 9B-9C,
10A-10B and 11A-11G. As indicated according to an exemplary embodiment
schematically and representationally, the engagement of guide H on power line/wire W
aligns connector C for absorption of energy (e.g. by magnetic flux) from power line/wire
W (e.g. current flow through the wire creates a field to induce current flow in conductors
of the connector C that produces energy/power transfer at the interface). See for example
FIGURES 8A-8C, 9B-9C and 10B.

[120] According to an exemplary embodiment as indicated schematically and
representationally a connector/guide apparatus for a UAV/craft may be provided in a
variety of configurations and arrangements to facilitate power transfer at an interface with
the power source/power line. As indicated schematically and representationally according
to an exemplary embodiment in FIGURES 10A-10B, the guide H may be provided as a
separate element (e.g. of a suitable material such as an elastomer or plastic) configured to
at least partially engage the power line (e.g. wrap or fit mechanically) to retain adjacent
the connector C to facilitate power transfer at the interface. As indicated schematically
and representationally according to an exemplary embodiment in FIGURES 10C-10D, the
guide H and connector C may be provided in an integrated apparatus configured to engage
the power line (e.g. wrap or fit mechanically) to retain the connector C (e.g. shown as
providing multiple loops/conductors, circuit paths) to facilitate power transfer at the
interface. According to an exemplary embodiment as indicated, the apparatus to engage

the power line may comprise an apparatus in the form of a resilient member (e.g.
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elastomeric member or similar mechanism) containing the guide H and the connector (e.g.
conductors/conductive elements for current carrying to the energy storage system); the
member can deform to wrap around the power line and separate from the power line to
establish the interface. See for example FIGURES 10A-10E and 11A-11H.

[121] According to an exemplary embodiment the connector will be provided in a form
to facilitate efficient power transfer at the interface with the power source/power line to
repower the energy storage system of the UAV/craft (e.g. recharge a battery system) in an
efficient manner; according to an exemplary embodiment the guide (whether integrated
with the connector or a separate element) will be configured to retain a positon and
orientation (e.g. alignment of conductors, loops, circuit paths) intended to facilitate
efficient power transfer at the interface with the power system/power line. (According to
an exemplary embodiment as indicated in FIGURES 8D-8H and 10C-10E, the connector
C may comprise multiple loops/conductors that are orientated/aligned to encircle the
power line W in whole or in some partial manner to facilitate power transfer.)

[122] According to an exemplary embodiment connector C is indicated as not completely
encircling the power line W. See for example FIGURES 10C-10D (see also FIGURES 5B
and 6B). As indicated schematically and representationally in FIGURES 10E and 11A-
11H, an apparatus H can be provided to facilitate the encircling of the power line W so
that relatively stable positioning of the connector C relative to the power line W can be
established to maintain the interface for power transfer (e.g. when the UAV/craft is
hovering or traveling along the power line during repowering/recharging of the energy
storage system). As indicated schematically and representationally the apparatus may
comprise movable elements (e.g. movable jaws of a current clamp, spring-biased arms,
etc.) configured to encircle the power line (at least substantially). For example see
FIGURES 11A-11G. As indicated in FIGURES 10E and 11H, the apparatus with guide H
and connector C may be configured to encircle the power line completely (e.g. Providing
closer proximity to closer/stronger magnetic flux path around the power line W). See also
FIGURE 8B (indicating magnetic flux path at power line and connector interface
schematically and representationally). As shown in FIGURES 10E and 11H, the
apparatus may provide for magnetic coupling of adjacent ends of surface of the guide H

(e.g. engaging magnet elements in FIGURES 10E and 11H) to engage and encircle until
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separated (e.g. for removal from the power line). (According to an exemplary

embodiment other configurations/arrangements may be provided for connection.)

Flyway/Tower Arrangements

[123] Referring to FIGURES 2 and 14 through 31, flyway arrangements and structures
for the system and method for repowering UAV/craft using a power source (e.g. utility
transmission line, power line, etc.) are shown schematically and representationally
according to an exemplary embodiment.

[124] As shown schematically and representationally in FIGURES 14-18, and 20, a set
of structures/supports shown as towers T provide support for power lines W and define a
flyway F for UAV/craft;, system S is provided at or adjacent to the flyway; a parking
and/or charging area shown as platform/roost R is provided at or adjacent to the flyway
(e.g. above the power lines W). UAV/craft can land/park and/or charge and repower at
system S using a power source PS. See for example FIGURES 12A-12C and 13A-13C.
[125] According to an exemplary embodiment of the power system shown schematically
and representationally, the power source PS can comprise the power line W (see for
example FIGURES 13C and 21A-21B, 22) or a charging station at or adjacent to the
power line. See for example FIGURES 14, 17, 22-26 and 28-31 (system S at/on tower T)
and FIGURES 15-16, 18, 20, 21A-21B and 27 (system S adjacent to tower T). As shown
schematically and representationally according to an exemplary embodiment, the system S
operates with a set of detectors D provided with a monitoring system NS to detect
UAV/craft authorized and other UAV/craft (regardless of whether authorized) adjacent.
See for example FIGURES 12A-12C, 13C and 14-22.

[126] As indicated schematically and representationally in FIGURES 19, 21A-21B and
23-31 (for example) according to an exemplary embodiment the system can be integrated
with existing structures and power/utility transmission systems. As shown in FIGURES
23-31, the system can be configured to operate with any of a wide variety of utility
transmission tower structures and arrangements (e.g. providing for integration of system
module S and platform roost R and detectors D for monitoring system for power lines W
functioning as power source for UAV/craft). As shown schematically and
representationally according to an exemplary embodiment in FIGURE 19, UAV/craft can

roost on power line W to repower. As shown schematically and representationally
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according to an exemplary embodiment in FIGURES 21A-21B, a separate structure
(shown as building B) may be configured to provide the system S and roost R and detector
D for the monitoring system or management system MS (e.g. to facilitate communications,
identifications, approval, etc. for UAV/craft intending to interact and/or transact with the
system S for repowering); a separate vehicle (shown as truck V) may provide the detector
D (and other services for the system S or UAV/craft). See also FIGURES 16 and 20
(mobile monitoring system shown as UAV/craft). (For example, in a urban environment
buildings O or like structures may support power lines or wires W and system/station S
with detectors D of monitoring system, see for example FIGURES 21A-21B.)

[127] As shown according to an exemplary embodiment in FIGURES 16, 18 and 20 the
towers T and power lines W may be parallel form to establish a two-way flyway F for
UAV/craft. As shown according to an exemplary embodiment in FIGURES 14-15, 17 and
21A-21B the flyway (e.g. two-way flyway) may be provided over one set of towers T with
power lines W. According to an exemplary embodiment, any of a wide variety of flyway
arrangements may be established using various segments of a utility transmission system
(e.g. a route or flyway for aircraft may comprise travel on multiple-different types of
flyway segments). According to an exemplary embodiment, the power line is supported
by towers and the interface is between towers (FIGURE 21A) and/or the power line is
suspended between supports (shown as provided by building structures) and the interface
is between the supports (FIGURE 21B).

[128] As indicated, the system (including a flyway) may be provided in an urban area
(see for example FIGURES 3A-3B, 19 and 21B) a suburban area (see for example
FIGURES 1, 3A-3B, 19 and 21A) and rural areas (see for example FIGURES 2, 3A-3B,
14-18 and 20) where UAV/craft may travel on routes/missions to perform duties or
otherwise in transit.

[129] According to any preferred embodiment, the UAV/craft is equipped with a
connector/system to establish a mechanical/electrical interface to allow power transfer to
the UAV/craft from the power source (e.g. power line, charging station, etc.) by any
suitable means. See for example FIGURES 3A-3B, 5B, 6B, 7A-7G, 7H, 9B-9C, 11A-
11E, 12A-12C, 13A-13C, 32A/32C, 33, 34A-34B, 35, 36-37, 38A-38D and 51. Referring
to FIGURES 12A-12C and 13A-14C, as shown schematically and representationally a

system for repowering a UAV/craft is provided according to an exemplary embodiment.
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As shown schematically and representationally in FIGURES 12A-12C and 13A-13B, the
system may be provided at or adjacent to a tower T of a utility transmission system which
may provide the power source PS and a connection to a roost R and a platform P; charging
stations CT may be provided for interface with UAV/craft. According to an exemplary
embodiment, the system S may comprise subsystems in operation for the power source
such as a management system MS (comprising or with an administration system,
monitoring system (with detector D), communication/data system, etc.). See for example
FIGURES 13A-13C and 32A/32C. Referring to FIGURES 13C and 21A, the system may
be provided with a base section BS to manage the overall operation and interface of the
tower/power line and UA V/craft.

[130] According to an exemplary embodiment, referring to FIGURES 16, 20 and 21A a
vehicle such as a ground vehicle V or UAV/craft can be provided to facilitate monitoring
of the power line or of other monitoring/tracking. According to an exemplary
embodiment, vehicles may be provided with detectors D as suitable for use with the
monitoring system. See for example FIGURES 16, 21A-21B and 22.

[131] According to an exemplary embodiment, referring to FIGURES 14, 15, 16-17, 20
and 21A-21B, the components of system (see for example FIGURES 35, 39-41 and 44-46)
may be located at a structure for the utility transmission system (such as a tower T or
building O) or may be on the structure/tower/building.

[132] According to an exemplary embodiment, referring to FIGURES 14-15 and 21A-
21B, the system may be associated with utility transmission lines/structures in remotely
populated rural regions where there is little traffic and/or monitoring capability (see for
example FIGURES 14-15) or in populated urban areas where structures such as a building
O may be used for housing associated equipment and where the system can be monitored
by multiple different methods (see for example FIGURES 21A and 21B).

[133] Referring to FIGURES 32A to 51, system and subsystem configurations and
arrangements are shown schematically and representationally according to an exemplary
embodiment.

[134] Referring to FIGURES 32A, 35 and 51, a system providing a power source (PS)
with management system (MS) and administration system (AS) and monitoring system
(NS) with detector/detector system (D) and a charging station (CT) is shown schematically

and representationally. According to an exemplary embodiment, UAV/craft is shown
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schematically and representationally, according to an exemplary embodiment with a
propulsion system PR and energy storage system ES with control system UCS and
identifier system ID and monitoring system NS/detector system D. See also FIGURES 37,
39, 47-49 and S0A-50C. As also shown schematically and representationally, according to
an exemplary embodiment is a network (e.g. which may comprise multiple networks) and
data storage/sources DS on the network as well as associated with the system and with the
UAV/craft. As indicated schematically, the system and UAV/craft can be configured to
share information by data communications over the network system or by other types of
data link. See for example FIGURES 32A-32C, 35 and 51. According to an exemplary
embodiment, the system and aircraft can be adapted to facilitate the repowering of the
aircraft by implementation of technology and components for power source, power
transfer, wireless power transfer, energy storage, data communication, monitoring and
detection, interfacing, interactions, transactions according to the various inventive
concepts, systems and methods.

[135] FIGURES 34A-34B through 38A-38D show schematically and representationally
according to exemplary embodiments, various configurations of UAV/craft and system
arrangements to facilitate power transfer from the power source associated with the system
to a UAV/craft. See also FIGURES 35, 50A to 50C. FIGURES 34A and 34B show a
connector C of the UAV/craft establishing an interface IF to a power source shown as
power line W. FIGURE 33 shows schematically and representationally, according to an
exemplary embodiment a UAV/craft with energy storage/system ES coupled to a
connector C for power transfer through a power transformer system PCT; system S
provides a power source/supply PS such as power line linked to a charging station CT by a
power transformer system PCT. Shown schematically and representationally, according to
an exemplary embodiment between UAV/craft and system S is an interface IF established
to facilitate power transfer from the power source PS to the UAV/craft (e.g. energy
storage/system ES). As indicated in FIGURE 35, the interface IF between a connector C
of a UAV/craft and a charging station CT for the power source may be provided as a
wireless power transfer interface (e.g. capacitive or inductive); according to an exemplary
embodiment, the system will be configured with suitable conventional technology (known
to those in the art) to establish the power transfer interface between the UAV/craft and the
power source (e.g. power line as shown in FIGURES 34A-34B). See also FIGURE 51.
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Referring to FIGURES 34B, 36 and 38C, according to an exemplary embodiment shown
schematically and representationally, the system and UAV/craft may be configured with a
dual interface with two connectors C on the UAV/craft each interfacing one of a
corresponding two charging station/couplings CT associated with the power source PS.
[136] As shown schematically and representationally according to an exemplary
embodiment, a UAV/craft may be configured to provide a control system UCS with
propulsion system PR and energy storage/system ES and power conversion/transformer
system PCT (e.g. in a base or body) with a connector C that can be deployed or otherwise
used to establish the interface with the power source of the system. See also FIGURES
4B, 4C, 5B, 6B, 7B, 7D, 9B and 9C. As indicated schematically according to an
exemplary embodiment in FIGURES 38A and 38C, the power source PS providing the
charging station CT for the UAV/craft may be associated with a power line W; as
indicated in FIGURES 38B and 38D, the power source PS providing the charging station
CT may be any other suitable type of power supply/energy to repower the energy storage
system of a UAV/craft.

[137] As shown schematically in FIGURES 50A, 50B and 50C, according to an
exemplary embodiment the UAV/craft may comprise energy management system with
battery system and power conversion/transformer system for energy storage system
(FIGURE 50A); the interface may be established through a system providing a monitoring
system for the energy transfer system with power conversion transformer system
(FIGURE 50B); the power source/system may provide an
administration/management/monitoring system for the power line with power
conversion/transformer system (FIGURE 50C); as indicated, each system operates to
facilitate power transfer from the power source through interface to UAV/craft.

[138] Referring to FIGURES 39 through 49, according to an exemplary embodiment the
system and subsystems for power transfer are configured to share and communicate

data/information. See also FIGURES 32A/32C and 51.

Power System - Overview

[139] According to an exemplary embodiment, as shown schematically and
representationally (see for example FIGURES 3A-3B, 12A-12C, 13A-13C, 16-18, 20, 35,
39-41, 44-46, SOB-50C and 51) the power system comprises a utility transmission system
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(e.g. of any conventional form) that is configured to provide power transfer to UAV/craft.
As shown schematically and representationally in the figures, the system may be provided
in any of a wide variety of forms and arrangements with any of a variety of features and
combinations of features to interact/transact with UAV/craft having any of a wide variety
of features and configurations. According to an exemplary embodiment, the utility
transmission system comprises a power line supported on a set of structures (see for
example FIGURES 2, 3A-3B and 18-31); the system and UAV/craft can be configured to
be integrated with any of a wide variety of power/utility transmission systems and
structures (e.g. using suitable conventional implementation technologies that are available
or may become available). According to an exemplary embodiment, the system is
configured to provide an interface between the UAV/craft and the power source (e.g.
power line) that can be established by UAV/craft as directed or needed. See for example
FIGURES 5B, 6B, 7A-7G, 9B-9C, 10A-10D, 32A-32C and 33-36.

Power Source/System

[140] According to an exemplary embodiment, the system may comprise a structure for
UAV/craft to interact. The structure may comprise the power line W (e.g. a wire) a tower
T, a station S (or base station BS). See for example FIGURES 2, 3A-3B, and 14-18. The
structure may comprise an interface for the UAV/craft with the system. See for example
FIGURES 32A/32C and 33-36, and 50B. According to an exemplary embodiment, the
structure may comprise an indicator. According to an exemplary embodiment, the
indicator may provide a signal (provided to an UAV/craft). According to an exemplary
embodiment, the structure may comprise a detector, a roost for UAV/craft, a perch for
UAV/craft. See for example FIGURES 3A-3B, and 22-31. According to an exemplary
embodiment, the structure may be a location for parking of UAV/craft, a location for
hovering UAV/craft, a platform, a shelter, a windbreak, a rain/snow cover, etc.. See for
example FIGURES 3A-3B, 12A-12C, 13A-13C and 22.

[141] According to an exemplary embodiment, the power source may comprise a utility
wire, an electric transmission line, a power line W. See for example FIGURES 2, 3A-3B,
9C, 13C and 14-22. The power source may comprise a charging station. See for example
FIGURES 12A-12C and 13A-13C. According to an exemplary embodiment, the power

source 1s configured for providing an interface for the UAV/craft; providing the interface
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may comprise establishing the interface to the UAV/craft, coupling the UAV/craft to a
power source, connecting the UAV/craft to the power source, establishing a wireless
connection between the UAV/craft and the power source, establishing a connection
between the UAV/craft and the power source. See for example FIGURES 3A-3B, 20,
21A-21B, 39-41 and 51.

[142] According to an exemplary embodiment, the interface is configured for
transferring of power from the power source to the UAV/craft; transferring the power from
the power source may comprise a transfer of energy from the power source to the
UAV/craft. According to an exemplary embodiment, the transfer of energy is a wireless
transfer to the UA V/craft, an inductive transfer to the UAV/craft, capacitive transfer to the
UAV/craft, a resistive transfer to the UAV/craft. See for example FIGURES 12A-12C
and 13A-13C. According to an exemplary embodiment, the transfer of energy may
comprise transferring energy from a magnetic field to the UAV/craft. According to an
exemplary embodiment, the transfer of energy may comprise transferring energy from an
electric field to the UAV/craft.

[143] According to an exemplary embodiment, the power source may comprise a power
system. The power system may be a utility company. The power source may be coupled
to a charging station configured to recharge the energy storage system of the aircraft; the
charging station may comprise the interface to the power source. See for example
FIGURES 12A-12C, 13A-13C, 35, 39-41 and 50C. The charging station may comprise a
power line. See for example FIGURES 3A-3B, 5B, 6B, 7A-7G, 9B-9C, 12C and 13C.
[144] Power can be withdrawn at the connection by the aircraft for repowering by at least
one of inductive power transfer or capacitive power transfer or resistive power transfer.
According to an exemplary embodiment, power can be withdrawn by the aircraft for
repowering by an inductive power transfer system. According to an exemplary
embodiment, power can be withdrawn by the aircraft for repowering by a capacitive
power transfer system. The power source may comprise an interface system; the interface
system may comprise a power line. See for example FIGURES 13A-13C and 50B.
According to an exemplary embodiment, a signal provided to the aircraft at the power line
may indicate whether or not power draw by the aircraft is allowed (e.g. by a
visual/audible/data signal at or by a detector/signal D and/or otherwise by detectable

signal provided to the UAV/craft by data communication). See for example FIGURES
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3A-3B and 58. The signal may be a wireless communication. A signal provided adjacent
the power line may indicate whether or not power draw by the aircraft is prohibited. The
signal may be provided by a light system; the signal may be provided by data
communication. The signal may be provided to an operator of the aircraft.

[145] According to an exemplary embodiment, the interface may comprise a connection
by the aircraft to the power source and administration for the power source may comprise
administration of the connection of the aircraft to the power source. The connection may
be a physical connection or a wireless connection. See for example FIGURES 3A-3B,
5A-5B, 7A-7G, 9A-9C and 19. Coupling the aircraft to the power source may comprise
coupling the aircraft during transferring of power to the aircraft and/or coupling the
aircraft prior to transferring power to the aircraft. See for example FIGURES 7A-7G and
19 and FIGURES 56-58.

[146] According to an exemplary embodiment, the management system is operated for a
power company. According to an exemplary embodiment, power is drawn from the power
line by the aircraft with permission of the power company. The power source may
comprise at least one power line or a plurality of power lines. See for example FIGURES
3B and 5B. According to an exemplary embodiment, a power line acts as current source
(e.g. independent of voltage status of the power line).

[147] According to an exemplary embodiment, the power line produces an electric field
and the aircraft is configured to extract power for repowering of the energy storage system
by the electric field of the line. According to an exemplary embodiment, the power line
produces a magnetic field and the aircraft is configured to extract power for repowering of
the energy storage system by the magnetic field of the line (see generally for example
FIGURES 8A through 81 and 32A/32C, 34); according to an exemplary embodiment, the
power line produces a time-varying magnetic field and the UAV/craft is configured to
extract power for repowering of the energy storage system by induction (e.g. inductive

power transfer) (see for example FIGURES 8B and 34).

Administration/Management System

[148] As shown in the FIGURES, according to an exemplary embodiment, an
administration/management system (AS/MS) is provided for the power system(s). See for

example FIGURES 12A-12B, 13A-13C, 20, 32A/32C, 39-41, 51 and 58.
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[149] According to an exemplary embodiment, the system provides an administration
system. See for example FIGURES 32A/32C and 51. According to an exemplary
embodiment, the administration system provides administration for the power source.
According to an exemplary embodiment, administration for the power source may be
performed by an administration system. According to an exemplary embodiment,
administration for the power source may comprise administration of the interface,
administration of transfer of power to the aircraft, administration of coupling the aircraft to
the power source, administration of the power source, administration of a transaction with
the aircratft.

[150] According to an exemplary embodiment, administration for the power source may
comprise administration of at least one of (a) identification of the aircraft; (b) registration
of the aircraft; (c) reservation of charging by the aircraft; (d) authorization of the aircraft;
(e) licensing of the aircraft; (f) directing of the aircraft; (g) positioning of the aircraft; (h)
transacting of the aircraft; (i) policing the power source. See for example FIGURES 1,
3A-3C, 20, 22 and 58.

[151] According to an exemplary embodiment, the administration system is configured
to send a request for identification to the aircraft. According to an exemplary
embodiment, the administration system is configured to use data from the monitoring
system to identify the aircraft. See for example FIGURES 39-41 and 48.

[152] Administration for the power source may comprise administration of transfer of
power to the aircraft, administration of coupling the aircraft to the power source,
administration of the power source, administration of a transaction with the aircraft.
Administration of a transaction with the aircraft is performed by the administration
system.

[153] Administration for the power source may comprise administration of the interface.
According to an exemplary embodiment, the method may comprise the step of
management for the power source; management for the power source may comprise
management of the interface. Administration for the power source may be performed by
an administration system.

[154] According to an exemplary embodiment as shown schematically and
representationally, the administration system may be implemented by a computing system.

See for example FIGURES 39-41, 42-43, 44-46 and 58.
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[155] Management for the power source may be performed by a management system.
See for example FIGURES 32A/32C, 35, 39-41 and 51. Management for the power
source may comprise management of the coupling of the power source to the aircraft.

[156] According to an exemplary embodiment, the management system is provided at
the utility tower. See for example FIGURES 3A-3B and 20.

[157] According to an exemplary embodiment, management of an aircraft is performed
by the management system. According to an exemplary embodiment, management for the
power source may comprise management of at least one of (a) interacting with the aircraft;
(b) monitoring the aircraft; (c) rate-setting for payment by the aircraft; (d) charging an
amount to be paid by the aircraft for power; (e) contracting with the aircraft; (f) transacting
with the aircraft; (g) billing the aircraft by providing an invoice; (h) reporting data to the
aircraft; (i) providing a receipt. See for example FIGURES 39-41, 43, 44-46, 51, 52A-
52B, 53A-53B, 54, 55A-55B and 56-58.

[158] According to an exemplary embodiment, management for the power source may
comprise management of the interface and/or of a transaction with the UAV/craft. See for
example FIGURES 51 and 59. The power source may be operated by a utility company.
Management for the power source may be performed by a management system.
According to an exemplary embodiment, management for the power source may comprise
management of the coupling of the power source to the aircraft. See for example
FIGURES 32A/32C, 51 and 58.

[159] According to an exemplary embodiment as shown schematically and
representationally, the management system may be implemented by a computing system.
See for example FIGURES 39-41, 42-43, 44-46 and 58.

[160] According to an exemplary embodiment, the administration system is configured
to interact with a UAV/craft and the management system is configured to transact with the
UAV/craft. See for example FIGURES 32A/32C, 51, 54 and 58.

[161] Referring to FIGURES 39-41, the system can be implemented as shown
schematically and representationally according to an exemplary embodiment. As
indicated in FIGURE 39, the system can be provided so that the
administration/management system (DS/MS) is provided data from a monitoring
system/data sources that can comprise detection, tracking, communication, telemetry as

well as network data and other data (see also FIGURES 3A-3B, 20, 22 and 32A/32C); the
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UAV/craft may provide data to the system (including license/contract information,
identity/profile, status/condition, payment/authorization, etc.). See also FIGURES 32A-
32C and 47-49. As also indicated in FIGURE 39, according to an exemplary embodiment
the system is configured to monitor power usage by the UAV/craft repowering at the
interface/power source (e.g. by measure/metered and/or calculated/estimated and/or
reported data). As indicated in FIGURES 40 and 41, according to an exemplary
embodiment the system is configured to interact and transact with a variety of UAV/craft
and to share and/or exchange data from and with data sources including over a network
(such as the internet); data operations including data storage and data analytics may be

provided by the system. See also FIGURES 43 and 44-46.

Monitoring System

[162] According to an exemplary embodiment, a monitoring system (NS/D) is
configured for monitoring the UAV/craft. See for example FIGURES 3A-3B, 14-19, 20-
22,32A, 39-41 and 51. According to an exemplary embodiment, the monitoring system is
provided at the utility tower or structure. According to an exemplary embodiment, the
monitoring system provides monitoring for the power source; the management system
provides management for the power source. See for example FIGURES 3A-3B, 39-41
and 51. According to an exemplary embodiment, the monitoring system for the power
source detects the aircraft; the administration system for the power source interacts with
the aircraft; the management system for the power source transacts with the aircraft. See
for example FIGURES 51 and 58. The power source may be operated by a utility
company. The aircraft may be operated by an operator remote from the aircraft. Data
communications for the aircraft may be with the UAV/craft and/or operator of the aircraft.
According to an exemplary embodiment, monitoring the aircraft may comprise monitoring
the aircraft prior to establishing the interface, after establishing the interface, after
coupling the aircraft to the power source, and/or monitoring a plurality of aircraft to be
coupled to the power source. See for example FIGURES 32A, 51 and 58.

[163] According to an exemplary embodiment, monitoring the UAV/craft may comprise
detection of information from the UAV/craft. See for example FIGURES 16, 19, 21A-
21B and 32A. According to an exemplary embodiment, information may comprise data

communicated by the UAV/craft, an identifier at the UAV/craft, data recorded by the
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monitoring system, data detected by the monitoring system. See for example FIGURES
39-41, 43-44 and 48. According to an exemplary embodiment, a monitoring system for
monitoring the UAV/craft may comprise a data link and/or a communications link. (The
data link may comprise a communication link.) Monitoring the UAV/craft may comprise
communication with an administration system, communication with a management
system, communication with the UAV/craft (or communication with an operator of the
UAV/craft). Monitoring may comprise sensing the presence of an UAV/craft adjacent the
power source, sensing multiple UAV/craft adjacent the power source, identifying the
UAV/craft, establishing a connection with the UAV/craft. See for example FIGURES 3 A-
3B, 20, 21A-21B, 39-41 and 47-49. According to an exemplary embodiment, monitoring
the UAV/craft may comprise time domain reflectometry to determine a position of the
UAV/craft along the power line.

[164] According to an exemplary embodiment as shown schematically and
representationally, the monitoring system (NS) comprises a detector (D). See for example
FIGURES 3A-3B, 20-21A-21B, 40 and 51. According to an exemplary embodiment, a
detector is installed adjacent to the power line to record data from an aircraft. See for
example FIGURES 19, 40 and 51. According to an exemplary embodiment the detector is
a camera configured to record an image of the aircraft. See for example FIGURES 3A-
3B.

[165] According to an exemplary embodiment schematically and representationally, a
detector adjacent the power line comprises at least one of a camera, an infrared sensor, a
photo detector, a video camera, a magnetometer (e.g. to sense disturbances in the normal
magnetic field of the line), a radar detector, and a proximity detector. See for example
FIGURES 3A-3B, 12A-12C, 13C, 16, 19, 20, 21A-21B, 22, 32A/32C, 35, 39-41, and 51.
[166] According to an exemplary embodiment, the monitoring system monitors at least
one of (a) recorded videography of UAV/craft; (b) recorded photography of UAV/craft;
(c) infrared detection of UAV/craft, (d) proximity of UAV/craft. See for example
FIGURES 20-22. According to an exemplary embodiment, the monitoring system may
comprise at least one of (a) a sensor; (b) a camera; (c) instrumentation. See e.g. FIGURES

3A-3B and 39-41.
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[167] According to an exemplary embodiment as shown schematically and
representationally, the monitoring system may be implemented by a computing system.
See for example FIGURES 39-41, 42-43, 44-46 and 58.

[168] According to an exemplary embodiment, the administration system can send an
aircraft a request for identification to an operator of the aircraft; the identification is
provided by an identifier on the aircraft. See for example FIGURES 4A-4D and 32A-32B.
The monitoring system can detect an aircraft accessing the line; the monitoring system can
detect if an aircraft is drawing power from the line. See for example FIGURES 3A-3B,
19, 21A-21B, 40 and 51. According to an exemplary embodiment, a monitoring system is
configured for monitoring of transferring of power from the power source to the
UAV/craft. Monitoring of transferring power from the power source to the UAV/craft
may comprise measurement of power transferred to the UAV/craft, estimation of power
transferred to the UAV/craft, (real time) monitoring of power transferred to the
UAV/craft. See for example FIGURES 32A/32C, 35 and 39-41. According to an
exemplary embodiment, the monitoring system can detect, measure, and/or calculate an
amount of power transferred from the power source to the aircraft (e.g using
instrumentation and/or data). See for example FIGURES 32A/32C, 35, 39, 40, 44, 50B,
51, 53B, 54 and 58. The data/information as to power transferred can be used by the
system for the transaction for or with the UAV/craft.

[169] According to an exemplary embodiment, the monitoring system may be configured
to detect unauthorized aircraft. See e.g. FIGURES 20, 21A-21B and 54. The monitoring
system is configured to detect authorized aircraft; the authorized aircraft is registered with
the administration system (or configured to register with the administration system). See
for example FIGURES 54 and 56-58. According to an exemplary embodiment, the
monitoring system is configured to report unauthorized aircraft to the administration
system; the administration system is configured to report unauthorized aircraft (e.g. report
to appropriate legal/municipal authorities, to a law enforcement agency, to a security
system/force, to the power system/utility company, etc.). The unauthorized aircraft can be
reported as an illegal use of the power source. See for example FIGURE 54. Referring to
FIGURES 51 and 54, according to an exemplary embodiment, the monitoring system (NS)
can detect an unauthorized access attempt by aircraft, for example, an access attempt by an

aircraft to draw power from the line without authorization. The monitoring system (NS)
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can detect an aircraft making unauthorized theft of power from the line; the administration
system (AS) can report illegal users.

[170] The monitoring system may be configured to use time domain reflectometry to
monitor the power line, for example, to monitor position of aircraft on the power line.
According to an exemplary embodiment, monitoring system is configured to use time
domain reflectometry to determine where along the power line the aircraft is accessing the
line.

[171] According to an exemplary embodiment, the administration system may be
configured to indicate whether power draw is allowed or prohibited by aircraft; the
monitoring system may be configured to indicate whether power draw is allocated or
prohibited by aircraft. See for example FIGURES 51, 54 and 58. According to an
exemplary embodiment, the administration system indicates whether power draw is
allowed or prohibited by use of an indicator. See for example FIGURES 56-57.
According to an exemplary embodiment, the administration system provides a signal at the
power line using an indicator. The indicator may be positioned on or adjacent to the line;
the indicator may comprise at least one of a light (red light or green light), a sound, a
voltage, a current signal. According to an exemplary embodiment, multiple aircraft on the
power line can communicate by using the line as a communication channel.

[172] According to an exemplary embodiment, the monitoring system may comprise
connection to at least one data source; the data source may comprise data stored by the
system or data from the aircraft. See for example FIGURES 39-41 and 56-58.

[173] According to an exemplary embodiment, the monitoring system may comprise a
redundant monitoring system providing a first monitoring system and a second monitoring
system. See e.g. FIGURES 3B (multiple detectors D).

[174] According to an exemplary embodiment indicated schematically in FIGURES 3A-
3B and 20 (for example), the monitoring system may comprise a wide variety of types of
apparatus/equipment configured to perform a variety of functions for the system; as
indicated, elements indicated at detectors (D) may comprise not only a variety of
detection/monitoring functions but also communication/signaling elements such as lights
or transmitters that can be perceived or detected by UAV/craft (e.g. such as to inform or
instruct or direct all or particular UAV/craft to or away from particular charge locations or

otherwise to provide or signal information to UAV/craft and operators).
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Power System - Structure

[175] According to an exemplary embodiment, the system may comprise a structure for
UAV/craft to interact. The structure may comprise the power line, a wire, a tower, a
station. See for example FIGURES 3A-3B, 14-22 and 23-31. The structure may comprise
an interface for the UAV/craft with the system. See for example FIGURES 3A-3B, 12A-
12C, 18-20, 21A-21B, 35 and 5S0B. According to an exemplary embodiment, the structure
may comprise an indicator (e.g. provided by or at a detector D). According to an
exemplary embodiment, the indicator may provide a signal (provided to an UAV/craft).
According to an exemplary embodiment, the structure may comprise a detector, a roost for
UAV/craft, a perch for UAV/craft. See for example FIGURES 3A-3B, 18, 20-22 and 23-
31. According to an exemplary embodiment, the structure may be a location for parking
of UAV/craft, a location for hovering UAV/craft, a platform, a shelter, a stand, a
windbreak, a rain/snow cover, etc. See for example FIGURES 3A, 7H and 20, 21A-21B.
[176] According to an exemplary embodiment, the aircraft may physically land on the
power line for connection to use the line. See e.g. FIGURE 19. Power is drawn by the
aircraft through the connection with the line. According to an exemplary embodiment, the
aircraft may hover next to the line. See for example FIGURES 5A-5B, 6A-6B, 7A-7G
and 9A-9C. Power is drawn through a wireless connection to the line. According to an
exemplary embodiment, the aircraft is on a perch adjacent the line to at least one of (a)
wait to draw power from the line or (b) draw power from the line. See for example
FIGURES 18 and 23. The perch may comprise a charging station, a platform; the
platform may comprise a charging station. See for example FIGURES 12A-12C, 13A-
13C and 21A. The utility tower may comprise the platform, the charging station, the
perch. See for example FIGURES 18 and 23-31.

UAV/Craft - Introduction
[177] According to exemplary embodiments shown in the FIGURES, the UAV/craft is

an aircraft generally of a “helicopter” type with an aircraft/space frame or base and
structure such as members (e.g. arms or booms) each providing for attachment of a rotor.
See for example FIGURES 4B-4D, 5A-5B, 6A-6B, 7A-7G, 7H and 9A-9C. In operation

(e.g. as for a “helicopter” type aircraft) the rotors generate thrust and lift to propel the
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aircraft (including with any payload) under the direction of a control system; as indicated,
the UAV/craft comprises a set of rotors to generate thrust and lift. See for example
FIGURES 4B, 5B, 5B, 9B.

[178] According to an exemplary embodiment, the UAV/craft may be of any suitable
type or basic form of “helicopter” used for unmanned flight and provided (as necessary or
useful) with any/all associated aircraft systems. Representative aircraft systems are known
and described, for example, in (among other literature) patent documents such as (a) U.S.
Patent No. 8,775,013 titled “System and Method for Acoustic Signature Health
Monitoring of Unmanned Autonomous Vehicles (UAVS)”; (b) U.S. Patent Application
Publication No. 20140129059 titled “Method and Apparatus for Extending the Operation
of an Unmanned Aerial Vehicle”; (c) U.S. Patent Application Publication No.
2014/0263823 titled “Transformable Aerial Vehicle”; and (d) U.S. Patent No. 7,922,115
titted “Modular Unmanned Air-Vehicle”; (e) U.S. Patent Application Publication
No0.2014/0025229 Al titled “Unmanned Device Interaction Methods and Systems”, U.S.
Patent Application Publication No.2013/0081245 Al titled “Vehicle Base Station”, U.S.
Patent Application Publication No.2012/0136630 Al titled “Method and System for Wind
Turbine Inspection”, and U.S. Patent No.7,714,536 B1 titled “Battery Charging
Arrangement for Unmanned Aerial Vehicle Utilizing the Electromagnetic Field
Associated with Utility Power Lines to Generate Power to Inductively Charge Energy
Supplies”.

[179] According to an exemplary embodiment shown representationally and
schematically in the FIGURES, the aircraft comprises a base B with a rotor system
providing a set of rotors R on an arm/boom system coupled to the base. See e.g.
FIGURES 4B-4D, 5A-5B, 7A-7G, 7H and 9A-9C.

[180] Referring to FIGURES 3A-3B and 4B-4D, a UAV/craft V (aircraft) is shown
representationally and schematically according to an exemplary embodiment. The
UAV/craft comprises a body or base/frame structure shown representationally and
schematically as base B and a set of members or arm/frame structures (e.g. space frame
constructed from a member or members) shown representationally and schematically as
arm/boom A. According to an exemplary embodiment, the UAV/craft operates as a
“helicopter” aircraft with a set of rotors each shown representationally and schematically

as rotor that in operation generate lift and thrust to propel the UAV/craft during flight/use.
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[181] As indicated, the flight characteristics of the reconfigurable UAV/craft are
provided by (among other things) size/form/shape and the positioning/relative positioning
of each rotor in the rotor system.

[182] According to an exemplary embodiment, as shown representationally and
schematically in FIGURES 4B-4D and 9A-9C, the UAV/craft is configured to carry a
payload L (e.g. in or on or under or within or attached to the base).

[183] According to an exemplary embodiment, the UA V/craft may be provided in any of
a wide variety of shapes and forms (including shapes/forms of aircraft that have been used
or are presently in use or may be put into use in the future). According to any preferred
embodiment, the UAV/craft is configured with a plurality of operational rotors positioned
relative to base to provide for safe/stable and efficient control/management and operation
of the UAV/craft in expected operating conditions. See e.g. FIGURES 4C, 4D, 5A-5B
and 9C.

[184] According to exemplary embodiments, the UAV/craft may be provided in the form
of a quad-copter (four rotors); as shown representationally and schematically in FIGURES
4C, 4D, SA and 9C, the UAV/craft may be provided in the form of a tri-copter (three
rotors); the UAV/craft may be provided in the form of a penta-copter (five rotors).
According to exemplary embodiments shown representationally and schematically, the
UAV/craft may be provided and/or operated in a form of a hexa-copter (six rotors) or
septa-copter (seven rotors) or an octa-copter (eight rotors). or in any of a wide variety of
other forms with additional rotors (e.g. ten rotors, twelve rotors, etc.).

[185] As indicated schematically and representationally according to any exemplary
embodiment, at least one of the rotors of the rotor system of the reconfigurable UAV/craft
will be powered by a propulsion system and supplied energy by an energy storage system.
[186] As shown representationally and schematically according to an exemplary
embodiment in FIGURES 4B-4D and 5A-5B (for example), the UAV/craft comprises a
rotor system with at least one rotor assembly R. According to an exemplary embodiment,
the rotor assembly/system comprises a fan (turbo fan) having a set of blades or vanes by
delivery of power from a power plant (e.g. at the rotor/arm system and/or with base B as
part of an energy/power system under direction of a control system for the aircraft (see for
example FIGURES 4B-4D, 9A-9C, 32A/32C, 33, 35 and 37). According to an exemplary

embodiment, the rotor system may be provided in any of a wide variety of forms/types and
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arrangements such as presently known and in use or developed in the future; each rotor
may have any of a wide variety of number and type of blades/vanes. According to other
exemplary embodiments, the rotor/rotor system may comprise dual counter-rotating fans
or other configurations/arrangements available for use by a UAV/craft.

[187] According to an exemplary embodiment, the rotor system of the UAV/craft may be
driven by an electric motor or other type of power plant (e.g. as known and used
presently); the base of the UAV/craft may comprise the power plant and other associated
systems providing for operation of the rotors according to an exemplary embodiment (see
for example FIGURES 32A/32C, 33, 35 and 37); associated with the power plant will be
an energy/energy storage system such as a battery system and/or fuel storage; according to
an alternative embodiment, the UAV/craft may comprise a hybrid energy/power system
comprising at least two different subsystems (e.g. fuel/electric, etc.). According to any
preferred embodiment, the UAV/craft will comprise a power/energy system as can be used
to power and control rotational speed/thrust of rotor as well as to power and control
mechanisms/subsystems used to configure the UAV/craft (e.g. position/reposition
rotors/arms, etc.) and other on-board systems (e.g. control/computing systems,
data/network communications, etc.).

[188] As indicated representationally and schematically according to an exemplary
embodiment indicated generally in FIGURES 4B-4D, 32A/32C, 33, 35 and 37, the control
system and power plant (e.g. motor, etc.) are configured to operate the rotors of the rotor
system of the UAV/craft at a speed that facilitates control and operation of the UAV/craft
(with energy provided by an energy supply/storage such as a battery system, etc.).
According to an exemplary embodiment, the UA V/craft is driven by electric motors with a
battery system as the energy storage/supply. See also FIGURES 4B-4D, 9A-9C and 33.
[189] According to an exemplary embodiment, the UAV/craft may be configured to
perform any of a wide variety of functions including but not limited to carrying a payload
such as for parcel/item delivery, monitoring/surveillance, data
transmission/communications,  hobby/entertainment, advertising/marketing, etc.
According to an exemplary embodiment, the UAV/craft may be provided in any of a wide
variety of configurations for any of a wide variety of functions and operated and/or
controlled by any of a wide variety of systems as presently known and used in the art or as

may be known and used in the art in the future. The system and method of the present
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application as shown and described representationally and schematically, can be adapted
and implemented for use with any such UAV/craft according to the exemplary

embodiments and according to other/alternative embodiments.

UAV/Craft-Configuration

[190] According to an exemplary embodiment, the aircraft may comprise at least one of
an identifier and a transformer. See for example FIGURES 4D, 32A-32C and 33.
According to an exemplary embodiment, the aircraft provides for a coupling to establish a
connection to the interface. See for example FIGURES 5SA-5B, 6A-6B, 7A-7G, 8A-8I,
9A-9C, 10A-10B, 10C-10E, 11A-11H, 32A/32C, 33 and 51.

[191] According to an exemplary embodiment, an unmanned aircraft system providing a
UAV/craft (aircraft) configured for power transfer from a power source is shown. See for
example FIGURES 9C and 19. The aircraft may comprise an energy storage system; an
interface for power transfer; an identifier provided to identify the aircraft for the power
source; and a system configured for data communications for the power source. See for
example FIGURES 32A-32C and 33-36. Power transfer to the energy storage system of
the aircraft can be provided by the power source at the interface and identification of the
aircraft can be provided for the power source by the identifier of the aircraft. See for
example FIGURES 3A-3B, 4D, 20, 39 and 47-49. The system may comprise a coupling
for the interface at a power source. See for example FIGURES 9B-9C, 19 and 32A-32C
and 33-36. Data communications may be to a monitoring system associated with the
power source, to an administration system associated with the power source, and/or to a
management system associated with the power source.  The system for data
communication may comprise at least one of data provided by the identifier or the
transmitter on the aircraft; the identifier may comprise a transmitter/device (e.g. active
element capable of transmitting a communication with a detector) and/or a visual object
(e.g. physical object or marking capable of being perceived by a detector) and/or any other
type of object or device (e.g. such as a tag or element that is detectable or readable such as
a pass as used for electronic payment of tolls on highways, RFID element, etc.). See for
example FIGURES 4D, 32B, 39 and 47-49.

[192] According to an exemplary embodiment as shown schematically and

representationally, coupling of the aircraft may comprise at least one of (a) perching, (b)
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roosting, (c¢) parking, (d) landing, (e) clipping, (f) clamping, (g) connecting or (h)
hovering. See for example FIGURES 3A-3B, 4B-4D, 5A-5B, 6A-6B, 7A-7G, 7H, 9A-9C,
10A-10B, 10C-10E, 11A-11H, 16, 18, 19, 20, 21A-21B and 22. The system is configured
to interact/transact with aircraft for repowering at the power source. See for example
FIGURES 34A-34B, 52A-52B, 53A-53B, 54, 55A-55B and 56-58.

[193] According to an exemplary embodiment, the coupling of the aircraft couples the
energy storage system of the aircraft to the interface of the power source to provide a
connection of the aircraft to the power source. The connection may be a physical
connection; the connection may be a wireless connection. See for example FIGURES 9C,
19, 32A-32C and 33-36. The aircraft may comprise a power transformer. See for
example FIGURES 50A-50C. The power source may comprise a power line and the
power transformer is configured to be at least partially wrapped around the power line at
the connection. See for example FIGURES 9A-9C, 10A-10B, 10C-10D and 50A-50C.
According to an exemplary embodiment, the power transformer is configured to draw
power from the power source for repowering the aircraft without requiring physical
contact at the interface to the power source. See for example FIGURES 5B, 7A-7G, 8A-
8T and 10B.

[194] The aircraft may comprise an arm providing the coupling. See for example
FIGURES 5B, 6B, 7B and 9B. According to an exemplary embodiment, the arm may be
retractable; as shown in FIGURES 7A-7B, the arm is retracted adjacent to a base of the
aircraft when not in use. See for example FIGURES 4B and 9A.

[195] The connection may be configured to recharge an aircraft while in flight, to
recharge an aircraft while the aircraft is stationary, to recharge an aircraft while the aircraft
is hovering, to recharge an aircraft adjacent the power source. See for example FIGURES
9C, 19, 20, 33, 34A-34B and 35. According to an exemplary embodiment, the aircraft can
fly along a power line and recharge inductively through the connection. See for example
FIGURES 9A-9B. According to an exemplary embodiment shown schematically and
representationally, the aircraft can fly along a power line and recharge capacitively
through the connection. See for example FIGURES 9B, 9C, 10A-10B, 10C-10D and 11A-
11E (e.g. connection to establish/maintain contact between aircraft and power line for in-

flight repowering).
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[196] Referring to FIGURES 47-49, as shown schematically and representationally
according to an exemplary embodiment, the UAV/craft may comprise a computer-based
system configured to interact and transact with the system for repowering by managing
(e.g. exchanging, creating, obtaining, monitoring, communicating, maintaining, storing,
etc.) data and information. See also FIGURES 4B, 32B and 42. As indicated in
FIGURES 47-48, the UAV/craft system may manage data (data sets) relating to
identity/registration, license/contract rights, type/configuration, control program,
status/condition, telemetry/instrumentation, operational history, communication, operator,
etc. as well as to routing/duty/mission, operating conditions, environmental conditions,
tracking, etc. from various data sources (e.g. on the aircraft, from the system/power
source, from other systems, etc.). According to an exemplary embodiment, as shown in
FIGURE 48, the UAV/craft may be managed by an operator or may operate in a generally
autonomous (e.g. programmed or directed) manner with configured or configurable
license rights/contract on a route/mission so that the UAV/craft can complete the
route/mission with the opportunity or ability to repower/recharge by interface at a power

source provided by the power system. See also FIGURES 35, 49 and 51.

UAV/Craft - Profile/Identifier

[197] According to an exemplary embodiment, the UAV/craft may comprise an
identifier. According to an exemplary embodiment, the identifier is on the exterior of the
UAV/craft. See for example FIGURES 4B and 32B. According to an exemplary
embodiment, the identifier may comprise a registration identification, a data set, a profile
for the UAV/craft, an account for the UAV/craft, a tag for the UAV/craft (e.g. data tag,
RFID tag), a transmitter, a license, a marking on the UAV/craft, a license plate on the
UAV/craft. See for example FIGURES 4B, 4D, 5A, 6A, 32B and 48-49. According to an
exemplary embodiment, the identifier is used by the administration system, the
management system, the monitoring system. According to an exemplary embodiment, the
UAV/craft may comprise a profile; the profile may comprise at least one of (a) an
identifier for the UAV/craft; (b) an account for the UAV/craft to use with the power
source; (¢) a billing arrangement between the UAV/craft and power source; (d) operator
identification for the UAV/craft. See for example FIGURES 32B and 47-49. According

to an exemplary embodiment, the profile may comprise data or a data device/storage used
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for the UAV/craft to interact (e.g. be monitored, detected, identified, registered,
contracted, communicated with, etc.) and transact (e.g. be negotiated with, billed/invoiced,
make payment, otherwise be communicated with, etc.) by the system. See for example
FIGURES 4B, 32A-32B, 39 and 47-49 (profile data may be associated with the identifier
of the device and/or otherwise stored for or with the UAV/craft).

Repowering of UAV/Craft - Interaction

[198] According to an exemplary embodiment, the aircraft may provide identification
when drawing power; identification is provided by determination of an identifier on the
aircraft. According to an exemplary embodiment, identification may be provided from the
monitoring system to the administration system; identification may be provided from the
monitoring system to the management system. The status of aircraft drawing power can
be transmitted by the management system by wireless communication. According to an
exemplary embodiment, communication may be provided to a local receiver at the
management system; communication may be provided to a local receiver to a website (e.g.
between data sources over a network including the internet). See for example FIGURES
32A, 40, 41, 43, S0A-50C and 51. According to an exemplary embodiment, the aircraft is
configured for drawing power from the power source at the connection. See for example
FIGURES 33, 39-41, 43-46 and 47-49. According to an exemplary embodiment, the
system may be configured to facilitate an aircraft drawing power by super-imposing a
waveform on the power line; the aircraft and power system may be configured to interact
for power transfer according to a specified waveform (e.g. a waveform provided by the
system at the interface and anticipated by the aircratft.

[199] According to an exemplary embodiment, the aircraft can establish the connection
autonomously; the aircraft is configured for drawing power autonomously. (According to
an exemplary embodiment, drawing power autonomously may comprise communication
of data by the aircraft to the monitoring system.) According to an exemplary embodiment,
data is provided to the management system from data sources. See for example FIGURES
35, 39-41, 51 and 58. According to an exemplary embodiment, authorization for drawing
power by an aircraft is provided in response to a query by the aircraft to the management

system. See for example FIGURES 52A-52B and 58.
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UAV/Craft - Energy Storage System

[200] According to an exemplary embodiment, the UAV/craft is of a type provided with
an energy storage system to power a set of electric motors, configured to operate a set of
rotors R (e.g. propeller/blades) to generate lift/propulsion (e.g. propulsion system) for
flight on a mission/route. See for example FIGURES 1, 4B-4D, SA-5B, 6A-6B, 9A-9C,
32A/32C, 33 and 37. According to an exemplary embodiment schematically and
representationally, the energy storage system may comprise a battery system. See for
example FIGURES 33, 37, 50A and 51. According to an exemplary embodiment, the
battery system provides power to a propulsion system PR of the UAV/craft. See for
example FIGURES 33 and 37.

Power Transfer Technology

[201] According to an exemplary embodiment, power transfer may be provided from the
power source to the UAV/craft using any of a wide variety of technologies (as indicated
schematically).

[202] Power transfer may be provided through conductive power transfer (e.g.
direct/resistive, electrical connector-based), power transfer may be provided by contact-
less power transfer (e.g. wireless power transfer such as inductive coupling where power
may be provided to the interface by a wire but power transfer from the power source to the
UAV/craft is not provided through a direct wire connection). See generally FIGURES
7A-7G, 8A-81, 9A-9C and 10A-10E.

[203] According to an exemplary embodiment, power transfer may be provided through
optical power transfer (e.g. where connector C comprises a photovoltaic element (or array)
and a charging station comprises an optical emitter/transmitter such as a high-power LED,
etc., see for example FIGURES 3A-3B, 4B, 12B, 13B-13C, 32A/32C, 33, 35, 36, 38B and
38D); the power system/source may provide a transformer system (e.g. at or associated
with the power line or platform/structure) configured for optical power transfer at the
charging station so that the interface comprises an optical interface for power transfer (e.g.
from a transmitter at the power source/charging station to the connector/aircraft). See
FIGURE 32C.

[204] As indicated schematically and representationally in FIGURE 32C, according to an

exemplary embodiment the system may facilitate wireless optical (e.g. infrared, etc.)
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power transfer using directed light from the power source to the connector on the
UAV/craft. Referring to FIGURE 32C, according to an exemplary embodiment shown
schematically and representationally, the power system/source PS comprises a transformer
PT to convert electrical energy into optical/light energy that can be transmitted from a
transmitter CT in a suitable form (shown as directed beam OP) over an interface IF to an
element such as photovoltaic cell/array (indicated as connector C) associated with the
UAV/craft (e.g. converted to electrical energy for an energy storage system, to charge a
battery system, etc.).

[205] As indicated according to an exemplary embodiment, the size, scale, type of
arrangement as well as the operating parameters for power transfer may be adapted
according to the conditions and/or requirements of the systems and related apparatus in
implementation.

[206] According to any  preferred embodiments  (notwithstanding  the
schematic/representational view), the orientation of the coupling/connection between the
power source and UAV/craft will be configured for suitable power transfer (e.g. with
elements orientated properly to establish the interface), according to an exemplary
embodiment, for inductive coupling/interface with a closed or partial circular planar loop
such that the normal vector to the loop is orthogonal to the power line/wire, see for
example FIGURES 8B and 34A (indicating schematically an orientation facilitating a
magnetic flux coupling at an interface). As indicated schematically and representationally
in FIGURES 3A-3B, 4B-4D, 5B, 6B, 7A-7G, 8A-81 and 9A-9C, for example, various
arrangements may be provided with components that can be orientated and re-orientated in
arrangements intended to facilitate power transfer from the power source to the connector
and UAV/craft (with electrical components and/or mechanical components to maintain
proximity and/or positioning, see FIGURES 10A-10B, 10C-10E and 11A-11H).

[207] According to an exemplary embodiment, as indicated schematically and
representationally in FIGURES 10A-10E, the apparatus for facilitating the interface
between the connector C and the power line W for power transfer from the power source
to the energy storage system of the UAV/craft may be configured to provide for alignment
and positioning of conductors (e.g. inductive loops, etc.) with the magnetic field (e.g. lines
of magnetic flux) to provide for efficient power transfer. See also FIGURES 8A-8C and
8D-8l. According to an exemplary embodiment shown in FIGURES 10A-10B, the
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apparatus may provide a guide H on arm A that is configured to establish a physical
alignment and positioning when fit on the power line; according to an exemplary
embodiment shown schematically and representationally in FIGURES 8A-8I, connector C
(e.g. with conductors/loops) on arm A adjacent guide H is configured to maintain a
position and alignment with respect to the power line (e.g. the lines of magnetic flux
providing for power transfer through the interface at the power line to the connector and
the energy storage system of the UAV). See also FIGURES 5B, 6B, 7A-7C, 11A-11H.
[208] As indicated schematically and representationally, the form of the guide H may
conform generally to the exterior form of the power line (e.g. with a partial arcuate/coaxial
cylindrical shape). See for example FIGURES 10A-10B. According to an exemplary
embodiment indicated schematically and representationally in FIGURES 10C-10E, the
connector C (e.g. with one or more conductors/loops, see FIGURES 8D-81) may be
integrated in an apparatus providing the guide H; as shown the apparatus may be
configured to fit on or (at least partially) around the power line to bring conductors of the
connector in closer proximity to the lines of magnetic flux/flied (e.g. stronger field region
around the power line generated by current flow in the power line) provided at the power
line. See FIGURES 8A-8C and 10C-10E. As indicated schematically and
representationally according to an exemplary embodiment shown in FIGURE 9B, the
UAV/craft may continue in transit while the apparatus (with guide H and connector C) is
engaged with the power line W; the energy storage system of the UAV/craft may be
recharged/repowered from the power source/power line while continuing to proceed to the
destination of the mission (e.g. using the power line/system as a flyway). See also
FIGURES 15-31.

[209] As indicated schematically and representationally in FIGURES 5B, 6A-6B, 7A-
7G, 8A-8C, 9A-9C and 10B, the connector C may be provided in a variety of forms and
configurations associated with the guide H as part of the apparatus used by the UAV/craft
to establish an interface for power transfer with the power line/source; the form of the
connector C may be adapted to the intended use and form of the conductors (e.g. inductive
loops or capacitive elements which may be provided in an array of multiple planar coils).
See FIGURES 8D-8I and 10C-10G. According to an exemplary embodiment the
conductors (e.g. inductive loops or capacitive elements) of the connector C may be

provided in a form that can be integrated with the form (e.g. material) of the guide H in an
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integrated apparatus as shown in FIGURES 10C-10E (e.g. arcuate/partial arcuate form
configured to open/fit over power line).

[210] According to an exemplary embodiment, the power system/source and UAV/craft
establish an interface that is or can be orientated to facilitate power transfer to the
UAV/craft in an efficient manner using known methods (including methods indicated in

patent document that are incorporated by reference).

Power System/Aircraft System Functionality

[211] According to an exemplary embodiment, the UAV/craft can be configured to be
repowered at a utility/power line that is not provided with a base system for management
(e.g. without a system for administrating, monitoring, etc.) at the location where the
UAV/craft will interface the utility/power line. The UAV/craft at the location along the
power line will establish an interface and will repower (e.g. by wireless power transfer)
autonomously without direction from a system at the interface; the UAV/craft will then
report to a remote system (e.g. the power system administration/management system) the
amount of power/energy drawn as well as other related information (e.g. identifier,
operator, time, date, verification data, location, etc.). The power system will process the
reported data/information and complete the transaction (e.g. billing/payment) with the
UAV/craft. According to an exemplary embodiment, as indicated in FIGURES 16, 20 and
21A-21B, the power system may use other or craft/vehicles to monitor a location where
other system features are not provided; for example, other UAV/craft may be contracted to
save as monitoring systems (e.g. detectors/vehicles) and provide data as to UAV/craft
repowering at locations that are not fully equipped with a base system. A vehicle such as
a car/truck, all-terrain vehicle other UAV/craft may be provided with a detector (e.g.
camera, sensor, etc.) and data communication system to perform as a
monitoring/administration and management system at or along a power line and can
interact and/or transact with UAV/craft for authorization and repowering. According to an
exemplary embodiment, UAV/craft providing service for the power system may be
compensated and/or allowed to repower at a discounted rate. According to an exemplary
embodiment, UAV/craft that are equipped with basic functionality for repowering (e.g.
connector/transformer) and self-reporting a power transfer interaction (e.g. location/GPS

sensor and other data communications) can use the power system for repowering at any
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location where the interface can be established; UAV/craft with limited functionality only
for repowering (e.g. only the connector/transformer) will be able to repower only at
locations of the power system that have monitoring (and/or other necessary
administration) at the interface location for repowering (e.g. either mobile or base).

[212] According to any exemplary embodiment, as shown schematically and
representationally the system functionality of the system (e.g. power system) and aircraft
(e.g. aircraft system) can be implemented through programs/modules and data/commands
on a computing system (see for example FIGURES 42 and 43) that is configured and/or
programmed/operated according to specified functions/modules (see for example

FIGURES 44-46, 47-49, S0A-50C and 57).

Method of Operation of System/Aircraft
[213] Referring to FIGURES 52A-52B, the method that can be implemented and

operated for the system according to an exemplary embodiment is shown schematically
and representationally according to an exemplary embodiment (e.g. in simplified and
general form). As indicated, according to an exemplary embodiment the system uses data
available from data sources (see for example FIGURES 39-41, 47-49 and 51).

[214] Referring to FIGURE 52A, according to an exemplary embodiment the system
facilitates an interaction with the UAV by providing for an interface at which the UAV
can be coupled to a power source for power transfer to the UAV; after the power transfer
(e.g. recharging by electrical energy) the system performs a transaction with the UAV in
which the UAV may provide payment for power that has been transferred to the UAV; as
indicated data is shared and exchanged with various data sources (see also FIGURES 32A,
39-41, 44-46, 47-49, S0A-50C and 51) to complete the interaction and transaction between
the UAV and the power system.

[215] Referring to FIGURE 52B, according to an exemplary embodiment administration
for the power source is provided as well as an interface for the UAV; monitoring is
provided to determine when a UAYV is approaching for coupling to the power source and
whether the UAYV is authorized for power transfer; when the UAYV is coupled to the power
source for transfer of power; management is provided for a transaction between the UAV

and power source.

52



10

15

20

25

30

WO 2017/011739 PCT/US2016/042475

[216] Referring to FIGURES 53A and 53B, the method implemented and operated for
the system according to an exemplary embodiment is shown schematically and
representationally according to an exemplary embodiment (e.g. in simplified and general
form). As indicated, according to an exemplary embodiment the system can be configured
to use data available from various/available data sources (see for example FIGURES 39-
41, 47-49 and 51).

[217] Referring to FIGURE 53 A according to an exemplary embodiment, the UAV may
be detected at the charge location (e.g. interface with power source), the UAV is
monitored to initiate the interaction and in the coupling and repowering (charging) at the
charge location (e.g. power source). Before or during the interaction the rate or fee to be
charged for the UAV to be repowered is determined, communications are made to the
UAV to facilitate the enablement and approval of the UAV to connect and charge/repower
at the power source. Upon completion of repowering a payment transaction is completed
(e.g. the UAV is billed for power usage/transfer from the power source to the UAV); at the
determined payment rate communication is established to the UAV (e.g. transmitting a bill
or invoice for payment and/or receipt for payment) in order to complete the transaction.
[218] Referring to FIGURE 53B, a UAV may register or contract with the power system
to be repowered at a present or future time; the UAV may reserve or request a particular
time or place (e.g. charge location) for repowering; the system will approve and designate
to the UAV a charge location (or alternatively may determine not to approve the UAV to
require registration, identification, payment, etc.). As indicated, the UAV may obtain a
general approval for repowering at a variety of places or times or may reserve a specific
time and place for repowering. At approaching the charge location (power source) where
repowering of the UAV is to be established, the system will detect the UAV and facilitate
the interaction, monitor usage, and transaction charge for power usage. A rate and fee for
connection/charging (repowering) of the UAV will be determined and communicated to
the UAV to enable (with approval) the UAV to connect and charge at the charge location
(power source). A billing/payment transaction will be conducted upon completion of
repowering with a communication to the UAV (e.g. invoice/receipt for payment for power
transferred to the UAV).

[219] Referring to FIGURE 54 at the power system a UAV may initiate or exchange

communication with the power system and/or otherwise be detected by the power system
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and be identified (e.g. by an identifier/profile or other indicator, see for example
FIGURES 4B-4C) (if identifiable). If the UAV is identifiable to the system, the UAV will
be identified; the system may determine whether the UAV is registered (e.g. in good
standing with an account or credit to transact to purchase) to interact and transact for
power transfer at the charge location (power source). If the UAV is not registered the
UAYV may interact with the system and complete a registration at the power source. If the
UAV is not identifiable or does not agree to register the UAV may be in violation of law
or regulation (e.g. trespassing) and can be reported to appropriate authorities (e.g. law
enforcement or other authority which may investigate, issue a claim, etc.). If the UAV is
registered and in good standing for repowering, instructions will be provided and
exchanged by communications between the system and UAV and authorization to charge
will be established; monitoring will continuing as to the time and power usage (e.g. power
transferred to the UAV) during repowering/power transfer. (According to an exemplary
embodiment, power usage/transfer to the UAV from the power source may be monitored
by any of a wide variety of means including metering/measurement, instrumentation,
estimation calculation, electronic circuit/system, time monitoring, data measurement,
reporting from the UAV/operator and/or redundant/verification methods, see for example
FIGURE 39.) Upon completion of repowering/recharging of the UAV a billing/payment
transaction is executed (the UAV will receive an invoice/bill and/or receipt upon payment
or credit/debit account charge or etc.) for the power used/transferred.

[220] Referring to FIGURES 55A-55B, the method that can be implemented and
operated for the UAV/craft system according to an exemplary embodiment is shown
schematically and representationally according to an exemplary embodiment (e.g. in
simplified and general form). As indicated, according to an exemplary embodiment the
system can be configured to use data available from data sources (see for example
FIGURES 39-41, 47-49 and 51).

[221] Referring to FIGURES 55A and 55B, according to an exemplary embodiment the
UAV may roost or park at a station adjacent to a charge location as indicated. As
indicated in FIGURE 55A, a UAV may register at the start of a mission and request or
reserve or change a location for repowering (e.g. one or several charge locations at/along
or near the UAV planned route). The system may report or verify the location to the UAV

and the UAV may accept and select a charge location and transaction terms (e.g. contract
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terms under an existing short-term or long-term contract or spot contracting/agreement at
the power source at the time of repowering). According to an exemplary embodiment, an
operator of a fleet of UAVs may contract with the system to repower multiple UAVs, see
for example FIGURES 3A-3B, 20 and 39-41. As indicated, transaction terms may include
costs for energy, time of energy/power transfer, location, time of day/day of week,
priority, etc. The UAV may roost or park at the charge location; according to an
exemplary embodiment the system may allow a UAV to repower/charge while roosted
(parked) at a charging station or other location); according to an exemplary embodiment,
the UAV may roost or park and wait for a charge station (e.g. location along a power
line/wire) for repowering to become available. Upon completion of repowering, the UAV
may execute with the system a transaction including billing and payment. The UAV will
then continue its mission until completion. (According to an exemplary embodiment, the
UAYV may use the set of power lines as a flyway.)

[222] Referring to FIGURES 56 and 57, the method that can be implemented and
operated for the system and UAV/craft system according to an exemplary embodiment is
shown schematically and representationally according to an exemplary embodiment. As
indicated, according to an exemplary embodiment the system can be configured to use
data available from data sources (see for example FIGURES 39-41, 47-49 and 51).

[223] Referring to FIGURE 56 a system and method of operation of a UAV to interact
and transact with the power system is shown according to an exemplary embodiment. The
system can be configured to administrative, monitor, and manage the power transfer to the
UAYV at a charge location (power source). The UAV and system may be configured for
data communications. The UAV is configured to perform a planned mission (e.g. routing
and duty definition). The UAYV is registered with the system according to particular terms
(e.g. contract terms) and options (e.g. options for repowering/recharging time and location,
etc.). The UAV begins and continues its mission traveling along its route to the charge
location (e.g. power source); at the charge location the UAV will roost or park and then
connect/charge at the power source through an interface established between the UAV and
power source. (According to an exemplary embodiment, the roost/platform may comprise
a charging station, see for example FIGURES 12A-12C and 13A-13C.) The system
monitors the UAV and interacts with the UAV to establish connection for use of the power

source for recharging/repowering the UAV at the location; following
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repowering/recharging the UAV completes a transaction with the system. The transaction
after being confirmed and arranged with payment for following billing/invoicing is
concluded (e.g. by communications between the UAV and system). The UAYV is then
continued on its mission until completion of the mission. According to an exemplary
embodiment, the UAV and system may be configured so that the UAV may be repowered
at an interface by a connector while traveling along the power source/power line, see for
example FIGURES 7A-7G, 9B-9C, 10A-10B, 10C-10D and 11A-11E.

[224] Referring to FIGURE 57 a system and method of interaction/transaction between a
UAYV in the power system is shown according to an exemplary embodiment indicating
communications between the UAV/operator to negotiate and/or renegotiate terms and
options with the power system and monitoring of availability and designations of approval
at a charge location (or charge locations) for the UAV to repower by power transfer.
According to an exemplary embodiment the UAV may establish both a data
communication connection and an interface for wireless power transfer (e.g. capacitive or
inductive) while at the power source to interact/transact with the system.

[225] Referring to FIGURE 58, the method that can be implemented and operated for the
system according to an exemplary embodiment is shown schematically and
representationally according to an exemplary embodiment. As indicated, according to an
exemplary embodiment the system can be configured to use data available from data
sources (see for example FIGURES 39-41, 47-49 and 51).

[226] As indicated, the UAV will establish contract/use rights with the power system by
engagement with the management system (e.g. entering an agreement/contract at a time of
registration with the power system/company); the UAV will register with the
administration system and can establish a payment rate (e.g. market rate or negotiated
contract rate) with the management system. The UAV may make a reservation of a
particular time and charge location (e.g. a location along a power wire or charging station)
for repowering with the administration system; the UAV will then on its route or mission
approach and/or be directed to approach a charge location while being monitored
(detected) according to identification information available from a monitoring system. At
approach to a charge location (power source such as power line or charging station) and be
detected and identified and/or provided instructions from the monitoring system via data

communication.  (According to an exemplary embodiment, the UAV may be
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photographed or video-recorded at the location or may exchange data/information with the
monitoring system.) The UAV will obtain approval and/or be signaled approval by the
administration system and/or monitoring system; the UAV can establish an interaction
with the system upon detection and then establish an interface for power transfer
administrated by the administration system. According to an exemplary embodiment, the
system allows access by an authorized/registered UAV for a power transfer connection
established at an interface; the system is configured to allow power extraction/transfer to
the UAV at the location. According to an exemplary embodiment, the system may
superimpose a waveform on the power line serving as the power source that may be
communicated to one UAV (or a set of UAVs) that may be configured to repower by
energy delivered according to the waveform (e.g. encoded or modulated). The interface is
monitored until the UAV indicates that it has completed power transfer; upon completion
of power transfer a transaction between the UAV and power system is initiated so that
payment may be made for the energy provided to the UAV (at terms of payment that have
been negotiated or agreed). The UAV then disconnects from the power system and a
communication is established with the management system to confirm billing/invoice for
payment by or on behalf of the UAV (e.g. to complete and communicate the transaction).

[227] According to other exemplary embodiments other implementations of the system
and method of administration and management of the power system and of methods and
systems of operation of a UAV to interact with a power system for power transfer can be

implemented.

Method of Operation/Aircraft

[228] According to an exemplary embodiment shown schematically and
representationally, a method of operating an unmanned aircraft with an energy storage
system and identifier configured for power transfer from a power source at an interface
may comprise the steps of (a) interacting with the power source; (b) interfacing with the
power source; (¢) coupling to the power source; (d) transferring power from the power
source to the energy storage system; (e) communication to the power source; (f)
transacting with the power source; (g) completion of a transaction with the power source;
(h) completion of an interaction with the power source; or (i) continuation of a mission by

the aircraft. See for example FIGURES 52A-52B, 53A-53B, 54, 55A-55B and 56-58.

57



10

15

20

25

30

WO 2017/011739 PCT/US2016/042475

[229] According to an exemplary embodiment shown schematically and
representationally, the method may comprise continuation of the mission by the aircraft
after the interaction with the power source or continuation of the mission by the aircraft
during the interaction with the power source. See for example FIGURES 56-58.

[230] According to an exemplary embodiment of the system and method shown
schematically and representationally, power transfer to the energy storage system (ES) of
the aircraft (UAV) can be provided by the power source at the interface and identification
of the aircraft can be provided for the power source (PS) by the identifier (ID) of the
aircraft. See for example FIGURES 32A and 32B. The power system may comprise an
administration system for administration of the power source. See for example FIGURES
32A, 35, 39-41, 43, 44, 45, 46, 50C, 51 and 58. The power system may comprise a
management system for management of the power source. See for example FIGURES
32A, 35, 39-41, 43, 44, 45-46, 50C, 51 and 58. The administration system may provide an
interface for the aircraft; the management system manages a transaction with the aircraft.
See for example FIGURES 56-57 and 58. The power system may comprise a monitoring
system (NS) for monitoring of the power source. See for example FIGURES 32A, 35, 39-
41, 44, 45-46, 50B-50C, 51 and 58. The UAV/craft is configured to interact and transact
with the power system (AS/MS/NS/PS) for repowering by power transfer from the power
source. See for example FIGURES 4B-4D, 5B, 6B, 7B, 7G, 9B, 19, 32A-32B, 33, 35, 37,
39-41, 47-49, 50A, 51 and 58

[231] According to an exemplary embodiment, the method may comprise (a) interacting
with the power source may comprise registration by the aircraft with the administration
system, (b) interfacing with the power source may comprise coupling of a data connection
to register the aircraft, (c) coupling to the power source may comprise a connection for
wireless power transfer to the aircraft, (d) transferring power from the power source to the
energy storage system may comprise wireless power transfer, (¢) communication to the
power source may comprise monitoring of power transfer, (f) transacting with the power
source may comprise arrangement for payment for the aircraft for power transferred to the
aircraft, (g) completion of a transaction with the power source may comprise payment for
the aircraft for the power transferred to the aircraft, (h) completion of an interaction with
the power source may comprise disconnection of the aircraft, or (i) continuation of a

mission by the aircraft after the interaction with the power source may comprise travel
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along the route while repowering from the power source. See e.g. FIGURES 56, 57 and
58.

[232] According to an exemplary embodiment, a method of transferring power to an
unmanned aircraft having an energy storage system from a power source with a
monitoring system and an administration system may comprise the steps of providing an
interface coupling the aircraft to the power source; coupling the aircraft to the power
source; data communication by the aircraft to the administration system for the power
source; transferring power to the aircraft from the power source through the interface; and
data communication by the aircraft to the administration system for the power source. See
for example FIGURES 52A-52B.

[233] According to an exemplary embodiment, the system and method may provide for
the UAV/craft to enter into an operational mode configured to facilitate repowering at the
power source (e.g. charging station). According to an exemplary embodiment, the
system/method of coupling the UAV/craft to the power source may comprise operation of
the UAV/craft (e.g. by the administration/management system) and/or operation in a
specified mode (e.g. a flight control mode) to facilitate coupling and the interface for
repowering the UAV/craft. For example, the UAV/craft may be operated in a specified
flight control mode providing for a specified manner of operation; the UAV/craft may be
operated in a mode in which one or more rotors are shut down (or at reduced speed) during
repowering and/or while roosted at the system/power source, in which operational/flight
control is ceded to the power system (e.g. administration/management system) for
repowering, in which specific station-keeping functions are employed by the UAV/craft,
etc. According to an exemplary embodiment, the UAV/craft may be provided with
specific station-keeping directions or commands/control signals to facilitate more precise
operation during the interface/repowering (e.g. in a hover mode at a power line/charging
station to maintain position relative to one or more designated signals/markers (which may
be indicated as or integrated with transmitters/detectors D to operate as localization
markers for UAV/craft, see for example FIGURES 3A-3B) at or adjacent to the charging
location/power source (e.g. power line or charging station). According to an exemplary
embodiment, registration of a UAV/craft with the power system (or contracting with the
power system, etc. to obtain a priority status) may require that the UAV/craft be

configured (e.g. programmed or otherwise capable) to implement and enter into a
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specified flight control/operation mode or set of operation modes to interact with the

power system for repowering. See FIGURE 58.

Data Communications

[234] According to an exemplary embodiment as shown schematically and
representationally, the system is configured for data communications between the system
and aircraft (e.g. the administration/management system and monitoring system share data
with aircraft). See for example FIGURES 39-41, 43, 44-46, 47-49, 51 and 58.

[235] According to an exemplary embodiment, data communications may comprise at
least one of (a) an interaction between the UAV/craft and the administration system; (b)
detection of the UAV/craft by the monitoring system; (c) transaction between the
UAV/craft and the management system. See for example FIGURES 43, 51 and 58.
According to an exemplary embodiment, the system for data communications may
comprise at least one of (a) a data link; (b) a wireless data link; (¢) a data link to an
operator of the UAV/craft remote from the UAV/craft; (d) a data link between multiple
UAV/craft, (e) a data link to a law enforcement authority to enforce against an
unauthorized UAV/craft attempting the transfer of power; (f) a negotiated transaction with
the management system; (g) registration of an UAV/craft with the administration system;
(h) approval or denial of a request by the UAV/craft to connect for power transfer; (i)
information relating to rates for power transfer; (j) information relating to availability for
power transfer. See for example FIGURES 39-41, 43-46, 47-49.

[236] According to an exemplary embodiment, the UAV/craft is configured for data
communication. See for example FIGURES 4A-4D and 43-46. Data communications
with the UAV/craft may comprise interaction with the UAV/craft, registration of the
UAV/craft, instruction of the UAV/craft, authorization of the UAV/craft, approval of the
UAV/craft, denial of the UAV/craft, direction of the UAV/craft, positioning of the
UAV/craft and/or placement of the UAV/craft. According to an exemplary embodiment,
the interaction may comprise transmitting a report, transmitting a receipt, transmitting an
invoice, billing, disconnection of the UAV/craft. According to an exemplary embodiment,
data communications with the UAV/craft may comprise a transaction with the UAV/craft;

the transaction may comprise billing of the UAV/craft, payment, an interaction. See for
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example FIGURES 43, 51 and 56-58. According to an exemplary embodiment, the data
communication may be by wireless data transfer.

[237] According to an exemplary embodiment, the power line may comprise an utility
wire; data communication may be along the wire. See for example FIGURES 22 and 43.
According to an exemplary embodiment, the data communication may be to an operator of
the UAV/craft. See for example FIGURES 39-41 and 43. Data communication may be
between UAV/craft interacting with the system. According to an exemplary embodiment,
data communication may be to law enforcement authorities (e.g. for unauthorized
use/trespassing by aircraft at the system). Data communication may be over a network
(e.g. by wi-fi). See for example FIGURES 39-41 and 43. According to an exemplary
embodiment, the system is configured for making a reservation with the power system for
future transfer of power to the aircraft (see for example FIGURES 55A-55B, 57 and 58)
and/or requesting authorization from the power system for transfer of power to the aircraft
(see for example FIGURES 41, 44, 47-49, 50C, 51 and 54).

[238] According to an exemplary embodiment, data communication comprises at least
one of (a) an interaction between the aircraft and the administration system; (b) detection
of the aircraft by a monitoring system; (c) transaction between the aircraft and a
management system; (d) a communication by the aircraft to the power system; (e) a
communication by the power system to the aircraft; (f) a communication between the
power system and an operator of the aircraft; (g) data transfer with a data source. See for
example FIGURES 32A-32B, 39-41, 43, 47-49, 50A-50C, 51, 52A-52B and 58.
According to an exemplary embodiment, information used by the system comprises
information transferred over a network. See for example FIGURES 32A. 39-41, 42, SOA-
50C, 51 and 58.

Data Sources
[239] According to an exemplary embodiment, the monitoring system and the UAV/craft
share data sources. See for example FIGURES 39-41, 47-49, S0A-50C and 5I.
According to an exemplary embodiment, the administration system, the monitoring

system, and the management system share data. According to an exemplary embodiment,
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the administration system and the UAV/craft share data sources. See for example
FIGURES 39-41 and 47-49. According to an exemplary embodiment, the management
system and the UAV/craft share data sources. See for example FIGURES 39-41, 43-46,
47-49, 50A-50C, 51 and 58. According to an exemplary embodiment, data sources
comprise data stored on the UAV/craft. See for example FIGURES 4B and 47-49.
According to an exemplary embodiment, data sources comprise data available on a
network. See for example FIGURES 39-41, 47-49 and 51. The network may comprise a
private network for UAV/craft and/or for operators of UAV/craft, the network may
comprise the internet. See for example FIGURES 39-41, 43, 50A-50C and 51.

[240] Data sources may comprise a network, the aircraft, the internet, an operator of the
aircraft, a computing system, data storage. See for example FIGURES 32B, 39, 41, 43,
44-46, 47-49, 50A-50C, 51, 52A-52B and 56-58. According to an exemplary
embodiment, the data may comprise identification of the aircraft, power consumption by
the aircraft, etc. to facilitate an interaction or transaction between the system and the
aircraft. See for example FIGURES 3A-3B, 32B, 39-41, 43, 44-46, 47-49, 50B-50C, 51,
52A-52B, 53A-53B, 54, 55A-55B and 56-58.

[241] According to an exemplary embodiment, the data source (DS) comprises at least
one of (a) data stored by the system, (b) data from the aircraft, or (c) data from a remote
entity, See for example FIGURES 4B, 32A-32B, 39-41, 43, 47-49, 50A-50C, 51, 52A-
52B and 58.

UAV/Craft - Control/Computing Systems

[242] According to an exemplary embodiment as shown representationally and
schematically in FIGURES 39-41, 42, 43, 44-46, 47-49, S0A-50C and 51, the system and
method can be implemented using a computing system programmed or otherwise
configured to manage the operations, functions and associated data/network
communications. Referring to FIGURES 47-49 according to an exemplary embodiment
shown representationally and schematically, a control system is provided to manage,
configure and operate the UAV/craft.

[243] Referring to FIGURE 42, a computing system is shown schematically according to

an exemplary embodiment, to comprise a processor and memory/storage for
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data/programs as well as network/communication interfaces and input/output (I/O) system
(e.g. allowing interaction through a user interface, etc.).

[244] As shown schematically according to an exemplary embodiment in FIGURES
32A-32B, 33, 35, 37, 42, 479, S50A-50B and 51, the UAV/craft system comprises multiple
functional subsystems (which may be independent or combined in implementation)
including a master control system, monitoring/communication system, flight/operation
control system, configuration control system, energy/power control system (and other
associated subsystems).

[245] As shown schematically according to an exemplary embodiment in FIGURES 47-
49, functional modules may be associated with a computing system to manage and operate
the UAV/craft, including for the power plant/energy storage systems (e.g. motors and/or
engines, battery and/or fuel systems, etc.), administration, status/condition monitoring,
mission control, configuration management, etc.

[246] Systems/modules (e.g. individually and/or collectively) for control, operation,
management, administration, data/networking, communications, telemetry, power, energy,
configuration, monitoring, etc. that may be installed on or associated with the UAV/craft
according to an exemplary embodiment are indicated representationally and schematically
in FIGURES 39-41 and 47-49.

[247] As shown schematically according to an exemplary embodiment in FIGURES
32A, 50B, 51, 52A-52B, 53A-53B, 55A-55B and 56-58, UAV/craft status monitoring
comprises management of the configuration and mission (e.g. plan/route) for the
UAV/craft as well as monitoring of configuration options, conditions (e.g. operating
conditions), capability/mode of operation, state/status of systems, etc.; monitoring may
comprise tracking of operation history (e.g. data available to assess status/state of
health/operating condition such as to facilitate predictive/advance identification of
potential system issues, e.g. rotor failures/malfunctions, etc.).

[248] As shown schematically according to an exemplary embodiment in FIGURES
32A-32B, 35, 39-41, 43, 44-46, 47-49, 50A-50C, 51, 54 and 58, data and data
management for the system and method may comprise collection/monitoring and use of
data from a variety of data sources (e.g. internal/network or external/internet/etc.) related
to a variety of UAV/craft systems and functions, including conditions, UAV profile,

configuration, status, instrumentation, energy/power systems, etc.
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UAV/Craft - Transaction

[249] According to an exemplary embodiment, the UAV/craft conducts an
intersection/transaction with the system to repower using the power source. According to
an exemplary embodiment, the transaction comprises payment for energy transfer to the
UAV/craft. A payment is made by the aircraft in a transaction with the management
system for power. Power may comprise measured power transferred at the interface,
estimated power, power reported by the aircraft. See for example FIGURE 39. The
payment on behalf of the aircraft is made for drawing power; the payment on behalf of the
aircraft can be based on energy extracted, per unit of energy, and may vary based on time
of day. According to an exemplary embodiment, the aircraft can determine an operator of
the management system and make a payment for power usage from the power source by
transaction with management system. Payment is made to the management system.
According to an exemplary embodiment, the aircraft extracts power from power line and
pays for the received energy. According to an exemplary embodiment, the payment has a
price, the price of payment can be set by a long term contract, based on time of
connection, based on a market price of energy, set by a spot market, or can be based on an

auction.

UAV/Craft - Contracting/Terms

[250] According to an exemplary embodiment, a contract is made for the aircraft with
the management system for repowering the aircraft using the power source. The aircraft
may contract for use of a predetermined power line, for access to a predetermined set of
power lines, for open access to a set of power lines. See for example FIGURES 47-49.

[251] According to an exemplary embodiment, the aircraft transacts a contract with a
common operator through the management system; according to an exemplary
embodiment, the common operator is a power company. The contract may specify which
line of the set of power lines the aircraft may use and/or may specify a predetermined
access site along a line. The access site may comprise a roosting site. The payment can
be based on time of the aircraft spent occupying the line; time of connection by an aircraft
to the power source is monitored by the monitoring system. Time may be reported by the

aircraft. The payment by the aircraft is made at a payment rate; the payment rate varies
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based on the number of connections to the power source available for aircraft, based on
the number of connectors in use, or varies if aircraft is using space that could be used by
another aircraft. The contract for the aircraft may be a time-based contract, a short term
contract, a long term contract with the power line. The contract may comprise actual
times or locations of allowed access to the power line by the aircraft. A long term contract
to use the power line may comprise a grant of exclusive use by the aircraft; the long term
contract to use the power line may comprise allocation of a specified amount of energy to
be drawn by the aircratft.

[252] According to an exemplary embodiment, the contract may comprise a grant of
priority use by the aircraft; priority use may comprise the ability of the aircraft to take a
connection in use by another aircraft with a lower priority; the other aircraft with lower
priority is obligated to disconnect from the connection. Access by the aircraft to draw
power may comprise an event, the monitoring system records each event and/or the
aircraft reports each event. The contract comprises allowance of a specified number of
events. According to an exemplary embodiment, the administration system stores data
from each event. According to an exemplary embodiment, the management system uses
data from each event; the management system uses data for a transaction with the aircraft.
According to an exemplary embodiment, the contract may comprise allowance of a
specified amount of access time over a specified time period; access time may comprise
connection time or roosting time. (The aircraft may have connection time while in transit
adjacent the power source.)

[253] According to an exemplary embodiment, the aircraft can make a reservation for
access to the power line at a specified time; the reservation may be for a specified location
on the line, as part of a long term contract, on a one-time basis. See for example
FIGURES 47-49. The reservation can specify at least one of time, location, amount of
energy, duration of access, price of energy drawn. The aircraft can make reservation to
use the power line at selected times in a specified period. The management system
manages each reservation. The aircraft can have a long term contract with the
management system at a specified price of payment; the aircraft can have a multi-event

contract with the management system.
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Monitoring/Policing of Power System/Line

[254] According to an exemplary embodiment, the system is configured to monitor the
power line (power source) to prevent use by unauthorized UAV/craft. As shown in
FIGURE 19, the system comprises a monitoring system with at least one detector D
configured to provide data/information as to UAV/craft at or adjacent to the power line.
See also FIGURES 20-21. As indicated schematically and representationally according to
an exemplary embodiment, the detector may comprise any of a wide variety (and/or
combinations) of apparatus including transducers, gauges, load cells, sensors,
accelerometers, cameras, video recorders, radar or other equipment and instrumentation.
See for example FIGURES 19, 20, 21A-21B, 39-41, 47-49 and 51.

[255] According to an exemplary embodiment, the UAV/craft is configured to be
detected and/or to interact with the monitoring system. See for example FIGURE 20 (e.g.
craft with identifiers I and/or detectors D to interact with other detectors D of the system,
etc.).

[256] According to an exemplary embodiment, the system is configured so that
UAV/craft can be authorized and registered to use the power line for power transfer from
the power line (power source) to the UAV/craft. See for example FIGURES 3A-3B, 32A
and 39-41. For example, as shown schematically and representationally in FIGURES 3A-
3B and 39-41, the system comprises the detector D (e.g. for the monitoring system) that
can sense or detect when a UAV/craft has landed or roosted on the power line (e.g. the
detector is an accelerometer or other instrumentation configured to detect oscillations or
movement or deflection (or mass) on the power line). According to an exemplary
embodiment, the detector may comprise a device or other equipment powered by the
power source (e.g. power line), for example, a camera suspended from the power line and
powered by the power line. According to an exemplary embodiment, the system may be
configured to use known conventional methods such as time domain reflectometry to
determine the location of UAV/craft on the power line (or other methods).

[257] According to an exemplary embodiment, the system may use UAV/craft (such
shown in FIGURE 20) to monitor the power source/line for the presence of unauthorized
UAV/craft, UAV/craft may be configured to detect and identify other UAV/craft at or near

the system (power line).
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[258] UAV/craft monitoring the power line may be contracted. See e.g. FIGURES 20
and 21A (vehicles V and UAV/craft and stations BS/O configurable for monitoring with
detectors D). UAV/craft providing monitoring service (e.g. who report by
data/communications and receive compensation from the system for reporting status/other
craft) or may be dedicated UAV/craft operated by the system. According to an exemplary
embodiment, the power line may be monitored by detectors D on other vehicles such as
ground vehicles V. See for example FIGURES 16 and 21A.

[259] According to an exemplary embodiment, the monitoring system may comprise
detectors D that (in conjunction with a control system) are configured to ensure that
demands (e.g. physical load and/or electrical/energy load) on the power line at any
location are within prescribed limits, for example, a segment of power lines between
supports/structures (e.g. towers) may be rated at a maximum physical load (e.g. weight of
loads in total) and a maximum power draw (e.g. watts in total) at a given time. According
to an exemplary embodiment, the detectors D may monitor a variety of data and
conditions according to a control program (e.g. visual physical deflection of the line and
weight/mass of coupled UAV/craft in combination with other monitored parameters). See
for example FIGURES 32A, 35, 39-42 and 44-46. According to an exemplary
embodiment, the UAV/craft may be directed to alternate locations along the power line
(e.g. other segments of the power line) to distribute demand and match with capacity of
the power system.

[260] According to an exemplary embodiment, the system may comprise a power line
with reduced (e.g. few or no) detectors; UAV/craft may be configured to provide the
capability to interact with the system in a regulated self-reporting arrangement (e.g. in
which the UAV measures power usage and location and time/day, etc.) According to an
exemplary embodiment (as indicated schematically in FIGURES 19, 39-41 and 47-49), the
UAV/craft will draw power as needed and report to the system (e.g. by real-time
data/communicators or by a data/communication link established subsequently) the
information needed to complete a transaction (e.g. billing/payment) for the power transfer.
According to an exemplary embodiment, a system may comprise a combination of power
line segments that have a variety of detector/monitoring system coverage (e.g. ranging
from no coverage to plenary coverage). See for example FIGURES 1, 2, 14, 16, 20 and
22.
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[261] According to an exemplary embodiment, UAV/craft will be directed to interact
with the power system according to the capabilities of the UAV/craft and the power
system; capabilities may vary with the population of UAV/craft and along segments of a

power line.

Flyway - Route Planning

[262] The aircraft operates on a mission comprising a planned route; the route of the
aircraft can be planned to follow or to intercept the power line (e.g. track or cross/intercept
the power line) for some portion of the mission (e.g. varying from a single
crossing/intercept to following the power line for substantially the entire route); the route
is planned by the aircraft for repowering the energy storage system of the aircraft when
energy is needed; the route/mission can be revised when or if it is determined that the
aircraft should reroute (e.g. when power is needed for some reason, planned or unplanned
or otherwise). According to an exemplary embodiment, the power line provides a right of
way for aircraft. See for example FIGURES 1-2, 3A-3B and 14-22.

[263] According to an exemplary embodiment, the UAV/craft may use the utility
transmission system to define a set of flyway segments (e.g. for UAV/craft
mission/duty/route planning.) See also FIGURES 1, 2, 3A-3B, 14-18, 20, 44, 48-49, S5A-
55B, 56 and 57. According to an exemplary embodiment as shown schematically and
representationally, the mission/route of the UAV/craft can be formulated using the
availability and access to the power system as a consideration; route/mission planning of
the aircraft can be undertaken in conjunction with registration/access planning for
repowering of the aircraft with the power system (e.g. at times and locations selected with

the route/mission plan). See for example FIGURES 55A-55B, 56 and 57.

Example Systems and UAV/Craft

[264] Example systems and technology that may be employed in the system and
UAV/craft according to an exemplary embodiment are indicated and shown
representationally and schematically. As indicated any of a wide variety of suitable/other
systems may be adapted/used in exemplary embodiments of the system, including the
systems specifically shown and indicated and other known/present systems and/or

commercially-available systems.
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[265] A wireless power transfer system (e.g. as indicated in FIGURES 8A-8I, 9C, 12A-
12C, 13A-13C, 33-35 and 51) is shown representationally and schematically of a type
disclosed in U.S. Patent Application Publication No. 2013/0271069 titled “Systems and
Methods for Wireless Power Transfer” (e.g. Figures 1, 2, 7 and 8). See also U.S. Patent
Application Publication No. 2012/0231699 Al titled “Toys Implementing Inductively
Coupled Power Transfer Systems” (e.g. Figure 1), U.S. Patent Application Publication
No. 2012/0077537 titled “Systems and Methods of Wireless Power Transfer with
Interference Detection” (e.g. Figures 3, 4 and 6) and U.S. Patent No. 6,275,681 titled
“Wireless Electrostatic Charging and Communicating System” (e.g. Figures 1 and 8A).
[266] A UAV charging system (e.g. as indicated in FIGURES 3A-3B, 7A-7G, 7H, 9C,
19, 32A, 33-37, 38A-38D and 51) is shown representationally and schematically of a type
disclosed in U.S. Patent No. 7,714,536 B1 titled “Battery Charging Arrangement for
Unmanned Aerial Vehicle Utilizing the Electromagnetic Field Associated with Utility
Power Lines to Generate Power to Inductively Charge Energy Supplies” (e.g. all Figures).
See also U.S. Patent Application Publication No. 2014/0025229 A1l titled “Unmanned
Device Interaction Methods and Systems” (e.g. Figures 30 and 31), U.S. Patent
Application Publication No. 2012/0136630 Al titled “Method and System for Wind
Turbine Inspection” (e.g. Figures 3, 6, 7 and 8), and U.S. Patent No. 7,543,780 B1 titled
“Unmanned Air Vehicle Transmission Line Docking Surveillance” (e.g. Figures 1 and 3).
[267] A power line interface/charging station (e.g. as indicated in FIGURES 3A-3B, 5A-
5B, 6A-6B, 7A-7G, 9A-9C, 14-22, 32A and 33-36) is shown representationally and
schematically of a type disclosed in U.S. Patent No. 7,398,946 BI1 titled “Power Line
Sentry Charging” (e.g. Figures 1A, 1B, 2A, 2B, 3, 6, 8A and 8B) and U.S. Patent
Application Publication No. 2012/0016538 A1 titled “UAV Power Line Position and Load
Parameter Estimation” (e.g. Figure 1).

[268] A vehicle base/charging station (e.g. of a type indicated in FIGURES 3A-3B, 12A-
12C, 13A-13C, 20, 21A-21B and 38A-38D) is shown representationally and schematically
of a type disclosed in U.S. Patent Application Publication No. 2013/0081245 Al titled
“Vehicle Base Station” (e.g. Figures 1, 2, 4, 6, 7 and 10).

[269] A battery charging system (e.g. of a type indicated in FIGURES 3A-3B, 33, 35) is
shown representationally and schematically of a type disclosed in U.S. Patent Application

Publication No. 2014/0253031 titled “Wireless Battery Charging System” (e.g. Figures 1,
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3, 4,5, 6 and 8). See also U.S. Patent Application Publication No. 5,157,319 titled
“Contactless Battery Charging System” (e.g. Figures 1, 4, 5, 7 and 8).

[270] A capacitive charging station (e.g. of a type indicated in FIGURES 3A-3B, 8A-8C,
81, 9C, 10A-10B, 10C-10D, 33, 35 and S50B) is shown representationally and
schematically of a type disclosed in U.S. Patent No. 5,714,864 titled “Capacitive Charge
Coupling with Dual Connector Assemblies and Charging System” (e.g. Figures 1, 2 and
6). See also U.S. Patent No. 6,275,681 titled “Wireless Electrostatic Charging and
Communicating System” (e.g. Figures 1 and 8A).

[271] An inductive charging station (e.g. of a type indicated in FIGURES 3A-3B, 8A-
8H, 9C, 10A-10B, 10C-10D, 33, 35 and 50B) is shown representationally and
schematically of a type disclosed in U.S. Patent No. 5,959,433 titled “Universal Inductive
Battery Charger System” (e.g. Figures 1 and 2). See also U.S. Patent No. 8,896,264 titled
“Inductive Charging with Support for Multiple Charging Protocols” (e.g. Figures 1 and 3)
and U.S. Patent No. 8,633,616 B2 titled “Modular Pocket with Inductive Power and Data”
(e.g. Figures 9, 10 and 11).

[272] A track interface for electrical contact/interface (e.g. of a type indicated in
FIGURES 3A-3B, 7A-7G, 10C-10D, 19 and 32A) is shown representationally and
schematically of a type disclosed in U.S. Patent No. 3,198,136 titled “Electric Single-
Track Vehicular Toy” (e.g. Figures 4 and 5). See also U.S. Patent No. 2,112,072 titled
“Toy Electric Automobile and Roadway Therefor” (e.g. Figures 1 and 3). (According to
alternative and other exemplary embodiments, other mechanisms may be adapted and used
for the system and the UAV/craft.)

[273] An optical charging system (e.g. of a type indicated in FIGURE 32C) is shown
representationally and schematically of a type disclosed in U.S. Patent No. 8,803,053 titled
“Beam Power with Multipoint Reception” (e.g. Figures 1, 2 and 3); U.S. Patent
Application Publication No. 8,735,712 titled “Photovoltaic Receiver for Beamed Power”
(e.g. Figures 3-6, 10-11 and 13-14); U.S. Patent No. 8,264,101 titled “Beam Power with
Multiple Power Zones” (e.g. Figures 1, 2 and 3); U.S. Patent No. 8,168,930 titled “Beam
Power for Local Receivers” (e.g. Figures 1, 2 and 3); U.S. Patent No. 6,534,705 titled
“Methods and Apparatus for Beaming Power” (e.g. Figures 1-3 and 5-7), U.S. Patent
Application Publication No. 2009/0101194 titled “Method and System for Converting
Light to Electric Power” (e.g. Figures 1-4, 6-10, 12-15); U.S. Patent Application
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Publication No. 2006/0238365 titled “Short-Range Wireless Power Transmission and
Reception” (e.g. Figures 1-8); and WIPO/PCT Publication No. 2014/151435 titled “Power
Transfer for Mobile Electronic Devices” (e.g. Figures 1-7).

[274] According to any exemplary embodiment, the system indicated in FIGURES 1-2,
3A-3B and 4A could be used to implement the functions and features indicated in other
FIGURES; as indicated, according to the wvarious/other exemplary and alternative
embodiments, any of a wide variety of other known and/or suitable systems (e.g. with
associated control systems, power transfer interfaces, communications, etc.) may be used

to implement the functionality of the system.

Incorporation of Present Technology/Systems

[275] The system and method according to exemplary and alternative embodiments may
be configured to integrate or operate with present known (and/or future) systems and
technology, for example, systems and technology (incorporated by reference) as disclosed
in patent documents: U.S. Patent Application Publication No. 2014/0263823 titled
“Transformable Aerial Vehicle”; U.S. Patent No. 7,922,115 titled “Modular Unmanned
Air-Vehicle”; U.S. Patent Application Publication No. 2014/0129059 titled “Method and
Apparatus for Extending the Operation of an Unmanned Aerial Vehicle”); U.S. Patent No.
8,775,013 titled “System and Method for Acoustic Signature Health Monitoring of
Unmanned Autonomous Vehicles (UAVS)”; U.S. Patent Application Publication No.
2013/0271069 titled “Systems and Methods for Wireless Power Transfer”; U.S. Patent
Application Publication No. 2012/0231699 Al titled “Toys Implementing Inductively
Coupled Power Transfer Systems”; U.S. Patent Application Publication No.
2012/0077537 titled “Systems and Methods of Wireless Power Transfer with Interference
Detection”; U.S. Patent No. 6,275,681 titled “Wireless Electrostatic Charging and
Communicating System”; U.S. Patent No. 7,714,536 Bl titled “Battery Charging
Arrangement for Unmanned Aerial Vehicle Utilizing the Electromagnetic Field
Associated with Utility Power Lines to Generate Power to Inductively Charge Energy
Supplies”; U.S. Patent Application Publication No. 2014/0025229 A1 titled “Unmanned
Device Interaction Methods and Systems”; U.S. Patent Application Publication No.
2012/0136630 Al titled “Method and System for Wind Turbine Inspection”; U.S. Patent
No. 7,543,780 Bl titled “Unmanned Air Vehicle Transmission Line Docking
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Surveillance”; U.S. Patent No. 7,398,946 B1 titled “Power Line Sentry Charging”; U.S.
Patent Application Publication No. 2012/0016538 Al titled “UAV Power Line Position
and Load Parameter Estimation”; U.S. Patent Application Publication No. 2013/0081245
Al titled “Vehicle Base Station”; U.S. Patent Application Publication No. 2014/0253031
titled “Wireless Battery Charging System”; U.S. Patent Application Publication No.
5,157,319 titled “Contactless Battery Charging System”; U.S. Patent No. 5,714,864 titled
“Capacitive Charge Coupling with Dual Connector Assemblies and Charging System”;
U.S. Patent No. 6,275,681 titled “Wireless Electrostatic Charging and Communicating
System”; U.S. Patent No. 5,959,433 titled “Universal Inductive Battery Charger System”;
U.S. Patent No. 8,896,264 titled “Inductive Charging with Support for Multiple Charging
Protocols”; U.S. Patent No. 8,633,616 B2 titled “Modular Pocket with Inductive Power
and Data”; U.S. Patent No. 3,198,136 titled “Electric Single-Track Vehicular Toy”; U.S.
Patent No. 2,112,072 titled “Toy Electric Automobile and Roadway Therefor”; U.S.
Patent No. 8,803,053 titled “Beam Power with Multipoint Reception”; U.S. Patent
Application Publication No. 8,735,712 titled “Photovoltaic Receiver for Beamed Power”;
U.S. Patent No. 8,264,101 titled “Beam Power with Multiple Power Zones”; U.S. Patent
No. 8,168,930 titled “Beam Power for Local Receivers”; U.S. Patent No. 6,534,705 titled
“Methods and Apparatus for Beaming Power”; U.S. Patent Application Publication No.
2009/0101194 titled “Method and System for Converting Light to Electric Power”; U.S.
Patent Application Publication No. 2006/0238365 titled “Short-Range Wireless Power
Transmission and Reception”, WIPO/PCT Publication No. 2014/151435 titled “Power

Transfer for Mobile Electronic Devices”.

Overview of Exemplary/Alternative Embodiments

[276] As indicated schematically and representationally according to exemplary and
alternative embodiments (including the FIGURES), an improved system and method can
be provided to repower UAV/craft; an improved UAV/craft system can be provided to
interface with the improved system to repower UA V/craft.

[277] As shown and indicated, UAV/craft may be configured to be recharged/repowered
while at a power line/station or while landed or while hovering or while in flight (e.g.
traveling along a power line and recharging inductively or capacitively or by optical power

transfer). According to an exemplary embodiment, the UAV/craft may be provided with a
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connector (e.g. with or comprising a power transformer) that can interface with a power
line (e.g. can be partially wrapped around the power line) and without contact (e.g. by
wireless power transfer such as by apparatus with the system creating an interface
configured for inductive power transfer or capacitive power transfer) draw power/energy
from the power line. (Power may be extracted by the UAV/craft from an electric field or
magnetic field at the power line/charge location or at a designated charging station
according to the specific implementation/capability of the system and UAV/craft) In
implementation, the power line may function as a current source (e.g. such that the voltage
status of the line is not specifically important/limiting to a repowering interaction with the
UAV/craft). The amount of power drawn by the UAV/craft at the interface can be
monitored/measured (e.g. by the system, by the UAV/craft, by both the system and the
UAV/craft, etc.); monitored/measured power draw by the UAV/craft can be recorded so as
to facilitate a commercial transaction (e.g. billing/payment) relating to the repowering of
the UAV/craft.

[278] The system may be operated by a power company or other operator (e.g. according
to business terms, contracts, etc. establishing authorization and timing and location
permissions and payment terms and etc. for repowering by UAV/craft). The repowering
(e.g. drawing of power) by the UAV/craft may be conducted with permission of the of the
power company/operator; UAV/craft and operators of UAV/craft (or fleets of UAV/craft)
can establish business/contract terms with the power company/operator.

[279] The network of utility transmission lines of the power system may provide a
flyway for routing of UAV/craft. A route for a UAV/craft performing a mission may be
planned to follow or to intercept/intersect the power line (e.g. when useful, when
necessary, etc.) so that the UAV/craft has the ability to repower as may be
useful/necessary during the mission/route. Power lines may be supported by structures
(e.g. towers, buildings, etc.) that can be adapted or associated with apparatus to implement
the system (e.g. system components, communications equipment, computing systems,
detectors, etc.) The power lines or segments of power lines at various locations may
generally serve as unoccupied right of ways to provide efficient and safe flyways for
routing of UAV. A power line or set of power lines may be provided with an
administration/management system and a monitoring system and data communications

capability to facilitate interaction and transaction with a UAV/craft at a charge location for
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repowering; or a UAV/craft may be configured to interact and transact to repower at a
power line that does not provide a system at the charge location (e.g. to repower and self-
report to the system by data communications or otherwise to the owner/operator of the
power line when reporting/data communications is possible after the interaction).

[280] The system and UAV/craft may be configured so that the UAV/craft can reserve
(specifically or generally) a time or set of times (e.g. during a mission/route) and charge
location or set of charge locations (e.g. along a planned route) in advance of a mission. (A
UAV/craft may as part of a mission plan make reservations to use the power line at
selected times and charge locations during the mission.) A UAV/craft may be configured
to (in advance of the mission/flight or during a flight or in an emergency/urgent need or
etc.) learn or identify the owner/operator of a power line at a charging location and
interact/transact for repowering (e.g. to pay for the power usage); the power system may
be configured to facilitate long-term contracting and short-term contracting with
UAV/craft or to authorize and facilitate on-site transactions with uncontracted but
identified UAV/craft at a charge location. UAV/craft may provide and identifier and
profile to facilitate registration, interaction, monitoring, transacting with the system.

[281] According to an exemplary embodiment, the UAV/craft can make reservations to
use the power line at selected times; the UAV/craft can identify/learn the owner and pay
for the power usage (before or during or after repowering); the UAV/craft extracts power
from power line and pays for the received energy the UAV/craft can have a long-
term/short-term contract (i.e. multi-time/multi-charge/multi-event) or operate in a spot
market and interact/transact as needed to repower at the power source/power line at a
charge location. To repower, UAV/craft may physically land on the power line or may
hover next to the line or fly along the line.

[282] The system may be configured so that the power line may indicate whether or not
power draw is allowed/prohibited at a particular location (see e.g. FIGURE 3B with
detector/signals at power lines). If multiple UAV/craft are on the power line, the
UAV/craft may communicate with each other using the power line as a communication
line. The monitoring system of the system may comprise detectors of a variety of types at
various charge locations (including vehicles/craft configured or contracted to operate as or
with detectors); a power line can image the UAV/craft with local camera and/or can send

request identification by data communication and/or other means. The system may be
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configured to detect and report unauthorized/illegal UAV/craft to law enforcement
authorities. The system may configure the power line to indicate whether or not power
draw is allowed/prohibited by a signals (e.g. light such as green/red light signal, via
sound/audible signal, via a voltage/current waveform or signal placed on the line, etc.).
[283] The system can be configured (e.g. using detectors or other monitoring) at the
charge location or power line to detect authorized roosting and unauthorized roosting by
UAV/crafts. A roosting UAV/craft without proper authorization may be stealing power
from the power line and can be detected and reported for illegal/unauthorized use (or
given the option to be identified and register to interact/transact with the system and
repower with authorization). A UAV/craft may negotiate/contract with the system to pay
a premium rate to be given priority at a charge location or power source over other
UAV/craft (which lower-priority UAV/craft may be instructed to disconnect or relocate to
a different charge location if a higher-priority UAV/craft approaches to repower at the
charge location). The system and power line can detect UAV/craft roosting on the line
and/or drawing power from the line, including by using time domain reflectometry to tell
where along the power line the UAV/craft is roosting. UAV/craft may provide the
identifier when drawing power at the charge location to facilitate the transaction with the
system (e.g. with an account linked to the UAV/craft and identifier such as by
profile/registration). At a charge location/power line, a UAV/craft drawing power can be
wirelessly monitored and reported to a local receiver or over a network (e.g. by the
internet to a website). Authorization for a UAV/craft drawing power can be provided in
advance/proactively by the UAV/craft or in response to a query/interaction between the
UAV/craft and system at the charge location. Drawing power by a UAV/craft can be
facilitated by the system imposing a waveform on the power line (e.g. coordinated with
the connector/power transfer electronics of the UAV/craft).

[284] The system may be configured to provide for a variety of types of business terms,
contracting means, payment methods, etc., to facilitate interaction and transaction with
UAV/craft and operators of UAV/craft to be repowered a charge locations operated by the
system. According to an exemplary embodiment the UAV/craft (or UAV/craft operator)
will pay for energy/power used at a negotiated or market rate agreed upon with the system
(or system operator), which may be based on pre-determined payment rates or market

rates (including spot market rates that fluctuate based on time of day, day of week,
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spot/location demand, auction/bid, priority terms, etc.). Payment rate for repowering a
UAV/craft at the system can vary or be based on energy extracted by the UAV/craft at the
charge location (e.g. dollar or unit payment per Joule), on time of day, on day of week, on
time of year, on market conditions, etc. Payment rate (or price) can be set by a long term
contract or via a spot market, bid/auction, arbitrage/trading in secondary markets, etc. A
UAV/craft (or fleet of UAV/craft) may contract for use of a specified power line or for
access to a specified set of power lines (e.g. charge locations operated by a common
operator). UAV/craft contract terms may specify particular charge locations/power lines
and particular roosting/platform sites along the system. UAV/craft may be charged for
usage of the system based on time spent occupying the power line (e.g. apart from/in
addition to notwithstanding the power drawn during the time) to facilitate and encourage
efficient use of the system and charge locations (e.g. to discourage UAV/craft misusing or
occupying charge locations inefficiently and obstructing use by other UAV/craft).

[285] The UAV/craft may establish a long-term contract with the system that will specify
actual times or charge locations (e.g. power line segments), that can grant exclusive use or
priority use, etc., that can allow specified amounts of energy to be drawn, specified
numbers of events (repowering interactions/transactions), specified roosting time, etc. over
a specified time period (e.g. daily, weekly, monthly, etc.). The system may provide a
reservation system for UAV/craft.

[286] Reservation system may be comprised in a contract (e.g. long-term contract) or on
a one-time (e.g. one-event) basis. A reservation to use the system may specify date, time,
location, amount of energy, duration of roost, price, etc.

[287] According to other embodiments of the system and method a wide variety of
features and combinations of features may be provided for a system configured to repower

UAV/craft and for UAV/craft systems.

Related Applications (Incorporation by Reference)

[288] The following commonly-owned (at present) U.S. patent applications are listed and
incorporated by reference in the present application: (a) United States Patent Application
No. 14/501,302, titled SYSTEM AND METHOD FOR MANAGEMENT OF AIRSPACE
FOR UNMANNED AIRCRAFT, naming R. Hyde et al. as inventors, filed September 30,
2014 (Docket No. 0712-035-002-000000) is related to and incorporated by reference in the
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present application; (b) United States Patent Application No. 14/501,343, titled
UNMANNED AIRCRAFT CONFIGURED FOR OPERATION IN A MANAGED
AIRSPACE, naming R. Hyde et al. as inventors, filed September 30, 2014 (Docket No.
0712-035-003-000000) is related to and incorporated by reference in the present
application; (¢) United States Patent Application No. 14/501,365, titled SYSTEM AND
METHOD FOR OPERATION OF UNMANNED AIRCRAFT WITHIN A MANAGED
AIRSPACE OR FLYWAY, naming R. Hyde et al. as inventors, filed September 30, 2014
(Docket No. 0712-035-004-000000) is related to and incorporated by reference in the
present application; (d) United States Patent Application No. 14/546,487, titled SYSTEM
AND METHOD FOR MANAGEMENT OF AIRSPACE FOR UNMANNED
AIRCRAFT, naming R. Hyde et al. as inventors, filed November 18, 2014 (Docket No.
0712-035-002-C00001) 1is related to and incorporated by reference in the present
application; (e) United States Patent Application No. 14/560,765, titled SYSTEM AND
METHOD FOR OPERATION AND MANAGEMENT OF RECONFIGURABLE
UNMANNED AIRCRAFT, naming R. Hyde et al. as inventors, filed December 4, 2014
(Docket No. 0114-035-010-000000) is related to and incorporated by reference in the
present application; (f) United States Patent Application No. 14/560,606, titled
RECONFIGURABLE UNMANNED AIRCRAFT SYSTEM, naming R. Hyde et al. as
inventors, filed December 4, 2014 (Docket No. 0114-035-009-000000) is related to and
incorporated by reference in the present application; (g) United States Patent Application
No. 14/630,114, titled SYSTEM AND METHOD FOR OPERATION AND
MANAGEMENT OF RECONFIGURABLE UNMANNED AIRCRAFT, naming R. Hyde
et al. as inventors, filed February 24, 2014 (Docket No. 0114-035-010-C00001) is related
to and incorporated by reference in the present application; (h) United States Patent
Application No. 14/639,369, titled RECONFIGURABLE UNMANNED AIRCRAFT
SYSTEM, naming R. Hyde et al. as inventors, filed March 5, 2015 (Docket No. 0114-035-
009-C00001) is related to and incorporated by reference in the present application; (i)
United States Patent Application No. TBD, titled SYSTEM AND METHOD FOR
OPERATING UNMANNED AIRCRAFT, naming R. Hyde et al. as inventors, filed July
15, 2015, (Docket No. 0114-035-008-000000) is related to and incorporated by reference

in the present application.
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* * *

[289] It is important to note that the construction and arrangement of the elements of the
inventions as described in system and method and as shown in the figures above is
illustrative only. Although some embodiments of the present inventions have been
described in detail in this disclosure, those skilled in the art who review this disclosure
will readily appreciate that many modifications are possible without materially departing
from the novel teachings and advantages of the subject matter recited. Accordingly, all
such modifications are intended to be included within the scope of the present inventions.
Other substitutions, modifications, changes and omissions may be made in the design,
variations in the arrangement or sequence of process/method steps, operating conditions
and arrangement of the preferred and other exemplary embodiments without departing
from the spirit of the present inventions.
[290] It is important to note that the system and method of the present inventions can
comprise conventional technology (e.g aircraft design, construction, components,
mechanisms, frames/systems, energy/power systems, monitoring/sensors, materials,
control systems, computing systems, telecommunication systems, networking technology,
data storage, data transmission, data/file structures/formats, systems/software, application
programs, mobile device technology, etc.) or any other applicable technology (present or
future) that has the capability to perform the functions and processes/operations indicated
in the FIGURES. All such technology is considered to be within the scope of the present
inventions.

* * *
[291] In the detailed description, reference is made to the accompanying drawings, which
form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in
the detailed description, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be made, without departing from the
spirit or scope of the subject matter presented here.
[292] While various aspects and embodiments have been disclosed herein, other aspects
and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.

78



10

15

20

25

30

WO 2017/011739 PCT/US2016/042475

CLAIMS
1. A system for managing the repowering of an energy storage system of an
unmanned aircraft from a power source providing a power line comprising:

(a) an interface to the aircraft;

(b) a monitoring system to monitor the aircraft;

(©) a management system to manage a transaction with the aircraft;
wherein power is supplied from the power source through the interface to the energy
storage system of the aircraft;
wherein the management system is configured for transacting with the aircraft supplied
power through the interface so that power can be transferred to the aircraft in the
transaction managed by the management system.
2. The system of Claim 1 wherein power transfer is by wireless power transfer.
3. The system of Claim 2 wherein wireless power transfer comprises capacitive

power transfer or inductive power transfer.

4. The system of Claim 1 wherein power transfer is at the interface along the power
line.
5. The system of Claim 1 wherein the power line is a utility transmission line

providing electric power.

6. The system of Claim 1 further comprising an administration system configured to
administrate interaction with the aircraft.

7. The system of Claim 1 wherein the aircraft is identified by an identifier.

8. The system of Claim 6 wherein interaction comprises at least one of (a)
communications with the aircraft or (b) providing authorization for repowering the
aircraft.

9. The system of Claim 1 wherein repowering the energy storage system of the
aircraft comprises charging a battery system.

10. The system of Claim 1 wherein the aircraft is configured to provide a coupling to
establish a connection to the interface.

11. The system of Claim 10 wherein the connection is configured to recharge an
aircraft while the aircraft is stationary.

12. The system of Claim 1 wherein the management system is operated for a power

company.
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13.  The system of Claim 1 wherein power is drawn from the power line by the aircraft

with permission of a power company.

14.  The system of Claim 1 wherein the aircraft operates on a mission comprising a
route.
15.  The system of Claim 14 wherein the route of the aircraft can be planned to follow

the power line.
16.  The system of Claim 14 wherein the route is planned by the aircraft for repowering
the energy storage system of the aircraft when energy is needed.
17. The system of Claim 1 wherein the power line provides a right of way for aircraft.
18. The system of Claim 6 wherein the administration system is configured to send a
request for identification to the aircraft.
19. The system of Claim 6 wherein the administration system is configured to use data
from the monitoring system to identify the aircraft.
20. The system of Claim 1 wherein the monitoring system is configured to detect
unauthorized aircraft.
21.  The system of Claim 6 wherein an aircraft is registered with the administration
system to become an authorized aircraft.
22. The system of Claim 1 wherein the monitoring system can detect if an aircraft is
drawing power from the line.
23. The system of Claim 1 wherein the monitoring system can detect an amount of
power transferred from the power source to the aircraft.
24, The system of Claim 1 wherein the transaction comprises payment on behalf of the
aircraft which is made for drawing power.
25. A method of transferring power from a power source providing a power line to an
unmanned aircraft having an energy storage system comprising the steps of:
[1] providing an interface along the power line coupling the aircraft to the
power source;
[2] monitoring the aircraf;
[3] transferring power from the power source through the interface to the
aircraft;

[4] coupling the aircraft to the power source; and
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[5] providing management for the power source including administration for
the power source providing transfer of energy from the power source to the energy
storage system of the aircraft;
wherein power transfer is by wireless power transfer.
26. A method of transferring power from a power source providing a power line to an
unmanned aircraft having an energy storage system comprising the steps of:
(a) providing an interface along the power line coupling the aircraft to the
power source;
(b)  monitoring the aircraft;
(©) transferring power from the power source through the interface to the
aircraft;
(d) coupling the aircraft to the power source; and
(e) administration for the power source;
wherein power is available for transfer to the energy storage system of the aircraft in an
interaction with the power source that is administrated for the power source.
27. A system for managing the repowering of an energy storage system of an
unmanned aircraft from a power source comprising:
(a) an interface to be coupled to the aircraft;
(b) a monitoring system to monitor the aircraft;
(©) a management system to manage interaction with the aircraft;
wherein power is supplied from the power source through the interface to the energy
storage system of the aircraft by one of capacitive power transfer or inductive power
transfer;
wherein the management system is configured for transacting with the aircraft supplied
power through the interface so that power can be transferred to the aircraft in a transaction
that is managed by the management system.
28. A system for managing the repowering of an energy storage system of an
unmanned aircraft from a power source comprising a power line comprising:
(a) an interface to be coupled to the aircraft;
(b) a monitoring system to monitor the aircraft; and

(©) a management system to manage interaction with the aircraft;
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wherein power is supplied from the power source through the interface to the energy
storage system of the aircraft;
wherein the management system is configured for transacting with the aircraft supplied
power through the interface so that power can be transferred to the aircraft in a transaction
that is managed by the management system;
wherein power transfer is by wireless power transfer.
29. A system for managing the repowering of an energy storage system of an
unmanned aircraft from a power source providing a power line comprising:

(a) an interface to be coupled to the aircraft;

(b) a monitoring system to monitor the aircraft; and

(©) an administration system to administrate interaction with the aircraft;
wherein power is supplied from the power source through the interface to the energy
storage system of the aircraft;
wherein the administration system is configured for interacting with the aircraft supplied
power through the interface so that power can be transferred to the aircraft in a transaction
that is administrated by the administration;
wherein power is supplied at the interface along the power line to the aircraft by at least

one of capacitive power transfer or inductive power transfer.
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