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IN-SITU POWER CHARGING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Application

Nos. 62/109,006, filed January 28, 2015, and 62/109,551, filed January 29, 2015, each

of which is incorporated by reference herein in its entirety. The present application is

related to co-pending U.S. Application No. / , filed January 21, 2016, titled

"MAGNETIC NAVIGATION METHODS AND SYSTEMS UTILIZING POWER GRID

AND COMMUNICATION NETWORK," Arty. Dkt. No. 111423-1055, and U.S.

Application No. _ / , , filed January 21, 2016, titled "RAPID HIGH-

RESOLUTION MAGNETIC FIELD MEASUREMENTS FOR POWER LINE

INSPECTION," Arty. Dkt. No. 111423-1056, each of which is incorporated by reference

herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates, in general, to charging power sources

wirelessly. More particularly, the present disclosure relates to using a magnetometer to orient

a wireless charging device.

BACKGROUND

[0003] The following description is provided to assist the understanding of the reader.

None of the information provided or references cited is admitted to be prior art. A magnetic

field can induce a current into a conductor. The conductor can be connected to a power

source to charge the power source. It may be useful to orient the conductor to most

effectively use the magnetic field.

SUMMARY

[0004] An illustrative device includes a propulsion unit configured to move the

device and a steering unit configured to control the direction that the device moves in. The

device may also include a power unit configured to provide power to the propulsion unit and

a charging unit configured to use an electric field to provide electrical power to the power

unit. The device may further include a first magnetic sensor configured to determine a vector

of one or more magnetic fields and a processor communicatively coupled to the propulsion



unit, the steering unit, the power unit, and the magnetic sensor. The processor may be

configured to receive, from the magnetic sensor, a time-varying signal indicative of a

magnetic field and determine, based on the time-varying signal, that the magnetic field

associated with an electrical power transmission line. The processor may be further

configured to cause the steering unit to direct the device toward the electrical power

transmission line.

[0005] An illustrative method includes receiving, at a processor, a time-varying signal

from a first magnetic sensor. The time-varying signal may be indicative of a magnetic field.

The method may also include determining, based on the time-varying signal, that the

magnetic field is caused by an electrical power transmission line. The method may further

include causing a steering unit of a device to direct the device toward the electrical power

transmission line. In some embodiments, the method also includes charging a power unit of

the device by using an electromagnetic field generated by the electrical power transmission

line.

[0006] An illustrative device may include a propulsion unit configured to move the

device, a power unit configured to provide power to the propulsion unit, and a charging unit

configured to use an electric field to provide electrical power to the power unit. The device

may further include a first magnetic sensor configured to determine a vector of a magnetic

field of an electrical power transmission line and a transceiver configured to transmit to a

receiver the vector of the magnetic field.

[0007] An illustrative system includes a vehicle and a transceiver unit. The vehicle

may include a propulsion unit configured to move the vehicle, a power unit configured to

provide power to the propulsion unit, and a charging unit configured to use an electric field to

provide electrical power to the power unit. The vehicle also may include a first magnetic

sensor configured to determine a vector of a magnetic field of an electrical power

transmission line and a transceiver configured to transmit a signal indicating the vector of the

magnetic field. The transceiver unit may be configured receive the signal.

[0008] An illustrative device may include a propulsion unit configured to move the

device, a first magnetic sensor configured to determine a first vector of a magnetic field, and

a power unit configured to provide power to the propulsion unit. The device may also

include a charging unit configured to use an electric field to provide electrical power to the



power unit. The electric field and the magnetic field are associated with an electrical power

transmission line.

[0009] 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

following drawings and the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a block diagram of a vehicular system in accordance with an

illustrative embodiment.

[0011] Fig. 2 is a flow chart of a method for charging a power source in accordance

with an illustrative embodiment.

[0012] Fig. 3 is an illustration of a power line transmission infrastructure in

accordance with an illustrative embodiment.

[0013] Fig. 4 is an illustration of a vehicle in accordance with an illustrative

embodiment.

[0014] Fig. 5 is a graph of the strength of a magnetic field versus distance from the

conductor in accordance with an illustrative embodiment.

[0015] Fig. 6 is a block diagram of a computing device in accordance with an

illustrative embodiment.

[0016] The foregoing and other features of the present disclosure will become

apparent from the following description and appended claims, taken in conjunction with the

accompanying drawings. Understanding that these drawings depict only several

embodiments in accordance with the disclosure and are, therefore, not to be considered

limiting of its scope, the disclosure will be described with additional specificity and detail

through use of the accompanying drawings.



DETAILED DESCRIPTION

[0017] In the following 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. It will be readily understood that the

aspects of the present disclosure, as generally described herein, and illustrated in the figures,

can be arranged, substituted, combined, and designed in a wide variety of different

configurations, all of which are explicitly contemplated and make part of this disclosure.

[0018] Nitrogen-vacancy centers (NV centers) are defects in a diamond's crystal

structure, which can purposefully be manufactured in synthetic diamonds. In general, when

excited by green light and microwave radiation, the NV centers cause the diamond to

generate red light. When an excited NV center diamond is exposed to an external magnetic

field, the frequency of the microwave radiation at which the diamond generates red light and

the intensity of the light change. By measuring the changes, the NV centers can be used to

accurately detect the magnetic field strength.

[0019] As discussed in greater detail in co-pending U.S. Application No.

_ / , , filed January 21, 2016, titled "MAGNETIC NAVIGATION METHODS

AND SYSTEMS UTILIZING POWER GRID AND COMMUNICATION NETWORK,"

Atty. Dkt. No. 111423-1055, and U.S. Application No. _/__, , filed January 21,

2016, titled "RAPID HIGH-RESOLUTION MAGNETIC FIELD MEASUREMENTS FOR

POWER LINE INSPECTION," Atty. Dkt. No. 111423-1056, each of which is incorporated

by reference herein in its entirety, overhead power lines can be used as a navigation tool

for unmanned vehicles (or any other suitable vehicle). For example, a magnetometer can be

used to detect magnetic fields generated by current traveling through the lines. In various

embodiments described herein, such power lines can be used to charge batteries of the

unmanned vehicles. An onboard magnetometer can be used to detect the power lines and

navigate the vehicle to an appropriate location to charge the batteries of the vehicle. The

electric field surrounding the power lines can be used to induce a current in a coil. The

induced current can be used to charge batteries or power components.



[0020] Fig. 1 is a block diagram of a vehicular system in accordance with an

illustrative embodiment. An illustrative vehicular system 100 includes a propulsion device

105, a power source 110, a charging device 115, a computing device 120, a magnetometer

125, and a navigation system 130. In alternative embodiments, additional, fewer, and/or

different elements may be used.

[0021] In an illustrative embodiment, the vehicular system 100 is an unmanned

aircraft system. For example, the vehicular system 100 can be an aerial drone such as a fixed

wing vehicle or a rotary vehicle. In some embodiments, the vehicular system 100 is a surface

vehicle such as an unmanned boat or land vehicle. In some embodiments, the vehicular

system 100 can be a robot. The vehicular system 100 can be autonomous or remotely

controlled. In yet other embodiments, the vehicular system 100 can be a manned vehicle. In

alternative embodiments, the vehicular system 100 can be any suitable vehicle.

[0022] The vehicular system 100 includes the propulsion device 105. The propulsion

device 105 can be any suitable device or system configured to propel or otherwise move the

vehicular system 100. For example, the propulsion device 105 can include one or more

propellers, an internal combustion engine, a jet engine, wings, wheels, motors, pumps, etc.

[0023] The vehicular system 100 includes the power source 110. The power source

110 can be configured to provide power to one or more of the components of the vehicular

system 100. For example, the power source power source 110 can include one or more

batteries that provide power to the propulsion device 105, the computing device 120, the

magnetometer 125, etc.

[0024] The vehicular system 100 includes the charging device 115 . The charging

device 115 can be any suitable device configured to provide power to the power source 110.

For example, the charging device 115 is configured to charge batteries of the power source

110. In an illustrative embodiment, the charging device 115 includes one or more coils of

conductive material (e.g., coils of wire). When an electromagnetic field is applied to the

coils, a current can be induced in the coils. The induced current can be provided to the power

source 110 to, for example, charge batteries. In alternative embodiments, any suitable

charging device 115 may be used. In alternative embodiments, the induced current can be

used for any suitable purpose, such as providing power to one or more of the components of

the vehicular system 100.



[0025] The vehicular system 100 includes the computing device 120. The computing

device 120 can be any suitable computing device. For example, the computing device 120

can include a processor, memory, communication links, etc. The computing device 120 can

be in communication with one or more of the other components of the vehicular system 100.

For example, the computing device 120 can communicate with the propulsion device 105 to

control the direction and speed of the vehicular system 100. In another example, the

computing device 120 can communicate with the magnetometer 125 and receive

measurements taken by the magnetometer 125. In yet another example, the computing

device 120 can communicate with the navigation system 130 to determine the location of the

vehicular system 100.

[0026] The vehicular system 100 includes a magnetometer 125. The magnetometer

125 can be any suitable device that measures a magnetic field. In an illustrative embodiment,

the magnetometer 125 has a sensitivity of one to ten pico Tesla. In alternative embodiments,

the sensitivity can be less than one pico Tesla or greater than ten pico Tesla. In an illustrative

embodiment, with one hundred amps traveling through the line, the magnetometer 125 has an

angular sensitivity of between nine pico Tesla per degree to thirty pico Tesla per degree at

five meters from the line, between ten pico Tesla per degree and fifteen pico Tesla per degree

at ten meters from the power line, and between three pico Tesla per degree and twelve pico

Tesla per degree at fifteen meters from the power line. In another embodiment, with one

thousand amps traveling through the line, the magneto meter 125 has an angular sensitivity of

between ninety pico Tesla per degree to three hundred pico Tesla per degree at five meters

from the line, between fifty pico Tesla per degree and one hundred and fifty pico Tesla per

degree at ten meters from the power line, and between forty pico Tesla per degree and one

hundred and ten pico Tesla per degree at fifteen meters from the power line. In alternative

embodiments, the magnetometer 125 can have any suitable angular sensitivity.

[0027] In some embodiments, the magnetometer 125 can be relatively small and/or

lightweight. In some embodiments, the magnetometer 125 consumes relatively little power.

Such characteristics are suitable for various vehicular system 100. For example, by

consuming relatively little power, the magnetometer 125 allows the power source 110 to be

used for other components, such as the propulsion device 105. Additionally, by being

lightweight, less energy is required from the power source 110 to move the magnetometer

125. In an illustrative embodiment, the magnetometer 125 can weigh about 0.1 kilograms.

In alternative embodiments, the magnetometer 125 weighs less than 0.1 kilograms or greater



than 0.1 kilograms. In some embodiments, the magnetometer 125 consumes less than two

Watts of power. In alternative embodiments, the magnetometer 125 consumes greater than

two Watts of power.

[0028] As discussed in greater detail below, in an illustrative embodiment, the

magnetometer 125 is configured to measure the direction of a magnetic field. The magnetic

field at any given point can be characterized by using a vector. The vector includes a

magnitude and a direction. In an illustrative embodiment, the magnetometer 125 is

configured to measure the magnitude and the direction of a magnetic field at the location of

the magnetometer 125. In alternative embodiments, the magnetometer 125 is configured to

measure the magnitude or the direction of the magnetic field.

[0029] In an illustrative embodiment, the magnetometer 125 uses a diamond with NV

centers to measure the magnetic field. A diamond-based magnetometer 125 may be suited

for use in the vehicular system 100. For example, a diamond-based magnetometer 125 can

have a sensitivity of one pico Tesla or greater, can weigh about 0 .1 kilograms, and can

consume about two Watts of power. Additionally, a diamond-based magnetometer 125 can

measure the magnitude and direction of a magnetic field. Any suitable diamond-based

magnetometer 125 may be used. In altemative embodiments, the magnetometer 125 may not

be diamond based. In such embodiments, any suitable magnetometer 125 may be used.

[0030] The vehicular system 100 includes a navigation system 130. The navigation

system 130 can be any suitable system or device that can provide navigation features to the

vehicular system 100. For example, the navigation system 130 can include maps, global

positioning system (GPS) sensors, or communication systems.

[0031] In an illustrative embodiment, the navigation system 130 includes a magnetic

waypoint database. The magnetic waypoint database can include a map of an area or space

that includes known magnetic flux vectors. For example, the magnetic waypoint database

can include previously determined magnetic flux vectors in a one cubic mile volume of the

atmosphere. In such an example, the density of the magnetic waypoint database can be one

vector per cubic meter. In alternative embodiments, the magnetic waypoint database can

include previously determined flux vectors for a volume larger than one cubic mile. For

example, the magnetic waypoint database can include a map of vectors for a city, town, state,

province, country, etc. In an illustrative embodiment, the magnetic waypoint database can be



stored on a remote memory device. Relevant information, such as nearby vectors, can be

transmitted to the navigation system 130. Any suitable vector density can be used. For

example, the vector density can be less than or greater than one vector per cubic meter. The

magnetic waypoint database can be used for navigation and/or identifying power sources that

can be used to charge batteries of the vehicle.

[0032] Although not illustrated in Fig. 1, the vehicular system 100 may include any

other suitable components. For example, the vehicular system 100 can include surveillance

cameras, communication systems for transmitting and/or receiving information, weapons, or

sensors. In an illustrative embodiment, the vehicular system 100 includes sensors that assist

the vehicular system 100 in navigating around objects.

[0033] In an illustrative embodiment, the vehicular system 100 is an autonomous

vehicle. In alternative embodiments, the vehicular system 100 can be controlled remotely.

For example, the vehicular system 100 can each communicate with a control unit. The

vehicular system 100 and the control unit can include transceivers configured to

communicate with one another. Any suitable transceivers and communication protocols can

be used. In such an embodiment, the vehicular system 100 can transmit to the control unit

any suitable information. For example, the vehicular system 100 can transmit to the control

unit measurements of the magnetic field sensed by the magnetometer 125. In such an

embodiment, the control unit can display to a user the measurement, which can be a vector.

The user can use the measurement to navigate the vehicular system 100 to a position in which

the charging device 115 can charge the power source 110.

[0034] Fig. 2 is a flow chart of a method for charging a power source in accordance

with an illustrative embodiment. In alternative embodiments, additional, fewer, and/or

different operations may be performed. Also, the use of a flow chart and/or arrows is not

meant to be limiting with respect to the order or flow of operations. For example, in some

embodiments, two or more of the operations may be performed simultaneously.

[0035] In an operation 205, power lines are located. Power lines can be located using

any suitable method. In an illustrative embodiment, a magnetometer can be used to detect a

magnetic field of the power lines. The measured magnetic field can be used to identify the

direction of the power lines. For example, one or more of the embodiments described in co

pending U .S. Application No. _/_, , filed January 2 1, 201 6, titled "MAGNETIC



NAVIGATION METHODS AND SYSTEMS UTILIZING POWER GRID AND

COMMUNICATION NETWORK," Any. Dkt. No. 111423-1055, and U.S. Application No.

_ / , , filed January 21, 2016, titled "RAPID HIGH-RESOLUTION MAGNETIC

FIELD MEASUREMENTS FOR POWER LINE INSPECTION," Arty. Dkt. No. 111423-

1056 may be used. In alternative embodiments, a map of known power lines can be used to

locate the power lines. For example, a magnetic waypoint database can be used to locate

power lines. In yet other embodiments, sensors other than a magnetometer can be used (e.g.,

in conjunction with the magnetometer) to locate the power lines. For example, cameras,

ultrasonic sensors, lasers, etc. can be used to locate the power lines.

[0036] The power lines can be any suitable conductor of electricity. In an illustrative

embodiment, the power lines can include utility power lines that are designed for transporting

electricity. The utility power lines can include power transmission lines. Fig. 3 is an

illustration of a power line transmission infrastructure in accordance with an illustrative

embodiment. Widespread power line infrastructures, such as shown in Fig. 3, connect cities,

critical power system elements, homes, and businesses. The infrastructure may include

overhead and buried power distribution lines, transmission lines, third rail power lines, and

underwater cables. In various embodiments described herein, one or more of the various

power lines can be used to charge the power systems of the vehicular system 100. In

alternative embodiments, any suitable source of electromagnetic fields can be used to power

the systems of the vehicular system 100. For example, transmission towers such as cellular

phone transmission towers can be used to power the systems of the vehicular system 100.

[0037] In some embodiments, a conductor with a direct current (DC) may be used.

By moving a magnetic field with respect to a coil, a current can be induced in the coil. If the

magnetic field does not move with respect to the coil, a current is not induced. Thus, if a

conductor has an AC current passing through the conductor, the magnetic field around the

conductor is time-varying. In such an example, the coil can be stationary with respect to the

coil and have a current induced in the conductor. However, if a DC current is passed through

the conductor, a static magnetic field is generated about the conductor. Thus, if a coil does

not move with respect to the conductor, a current is not induced in the coil. In such instances,

if the coil moves with respect to the conductor, a current will be induced in the coil. Thus, in

embodiments in which the power lines have DC power, the vehicle and/or the coil can move

with respect to the power line. For example, the vehicle can travel along the length of the



power line. In another example, the vehicle can oscillate positions, thereby moving the coil

within the magnetic field.

[0038] In embodiments in which the vehicular system 100 is an aerial vehicle, the

power lines can be overhead lines. In such embodiments, the vehicular system 100 can fly

close enough to the overhead lines to induce sufficient current in the charging device to

charge the power systems. In some embodiments, the power lines can be underground power

lines. In such embodiments, the aerial vehicular system 100 can fly close to the ground. In

such embodiments, the electromagnetic field can be sufficiently strong to pass through the

earth and provide sufficient power to the vehicular system 100. In an alternative

embodiment, the vehicular system 100 can land above or next to the buried power lines to

charge the power source. In embodiments in which the vehicular system 100 is a land-based

vehicle, the operation 205 can include locating a buried power line.

[0039] In an operation 2 10, the vehicular system 100 can travel to the power line. For

example, after identifying and/or locating the power line, the vehicular system 100 can use

suitable navigation systems and propulsion devices to cause the vehicular system 100 to

move sufficiently close to the power line.

[0040] In an operation 2 15, the charging system is oriented with the power line. In an

illustrative embodiment, the charging system includes one or more coils. Fig. 4 is an

illustration of a vehicle in accordance with an illustrative embodiment. An illustrative

unmanned aircraft system (UAS) 400 includes a fuselage 405 and wings 4 10 . In alternative

embodiments, additional, fewer, and/or different elements may be used. In an illustrative

embodiment, the fuselage 405 includes a battery system. The fuselage 405 may house other

components such as a computing system, electronics, sensors, cargo, etc.

[0041] In an illustrative embodiment, one or more coils of the charging system can be

located in the wings 410. For example, each of the wings 410 can include a coil. The coil

can be located in the wings 410 in any suitable manner. For example, the coil is located

within a void within the wings 410. In another example, the coil is bonded, fused, laminated,

or otherwise attached to the wings 4 10 . In such an example, the coil can be formed within

the material that makes up the wings 4 10 or the coil can be attached to an outside or inside

surface of the wings 4 10 . In altemative embodiments, the one or more coils can be located at



any suitable location. The UAS 400 is meant to be illustrative only. In alternative

embodiments, any suitable vehicle can be used and may not be a fixed wing aircraft.

[0042] Any suitable coil of a conductor can be used to induce a current that can be

used to charge batteries. In an illustrative embodiment, the coil is an inductive device. For

example, the coil can include a conductor coiled about a central axis. In alternative

embodiments, any suitable coil can be used. For example, the coil can be wound in a

spherical shape. In alternative embodiments, the charging device can include dipoles, patch

antennas, etc. In an illustrative embodiment, the operation 215 includes orienting the coil to

maximize the current induced in the coil. For example, the operation 215 can include

orienting the coil such that the direction of the magnetic field at the coil is parallel to the

central axis of the coil. In such an example, a magnetometer can be used to determine the

direction of the magnetic field at the coil. For example, each of the wings 410 of the UAS

400 include a coil and a magnetometer. In an embodiment in which the vehicle is a rotary-

type vehicle (e.g., a helicopter style or quad-copter style vehicle), the vehicle can orient itself

in a stationary position around the power lines to orient the direction of the magnetic field

with the central axis of the coil.

[0043] In an illustrative embodiment, the operation 215 includes navigating the

vehicle to get the coil as close to the power line as possible. Fig. 5 is a graph of the strength

of a magnetic field versus distance from the conductor in accordance with an illustrative

embodiment. Line 505 shows the strength of the magnetic field of a 1000 Ampere conductor,

and line 510 shows the strength of the magnetic field of a 100Ampere conductor. As shown

in Fig. 5, the magnitude of the magnetic field decreases at a rate proportional to the inverse of

the distance from the source of the magnetic field. Thus,

1
B o -

r

where B is the magnitude of the magnetic field, and r is the distance from magnetic

field source. For example, r is the distance from the power line. Thus, the closer the coil is

to the power line, the more power can be induced in the coil to charge the batteries.

[0044] However, in some embodiments, practical limitations may dictate that a

minimum distance be maintained between the vehicle and the power line. For example,

damage can occur to the vehicle if the vehicle strikes or grazes the power line. In such an



example, the vehicle may lose control or crash. In another example, the power line has high

voltage and/or high current. For example, the voltage between power lines can be between

five thousand to seven thousand volts and the power lines can carry about one hundred

Amperes (Amps). In alternative embodiments, the power lines can have voltages above

seven thousand volts or less than five thousand volts. Similarly, the power lines can have

less than one hundred Amps or greater than one hundred Amps. In such an example, if the

vehicle is close enough to the power lines, a static discharge may occur. Such a discharge

may be a plasma discharge that can damage the vehicle.

[0045] In an illustrative embodiment, the vehicle is about one meter away from the

power line. For example, one or more of the coils can be located one meter away from the

power line. In altemative embodiments, the vehicle can be between one and ten meters away

from the power line. In yet other embodiments, the vehicle can be between ten and twenty

meters away from the power lines. In altemative embodiments, the vehicle is closer than one

meter or further away than twenty meters from the power lines.

[0046] In an operation 220, the power source can be charged. For example, the

power source may include one or more batteries. Current induced in the coil can be used to

charge the batteries. In an illustrative embodiment, the power in the power lines can be

alternating current (AC) power. In such an embodiment, the magnetic field produced by the

AC power alternates, and the current induced in the coil alternates. The vehicle can include a

rectifier that converts the induced current to a direct current to charge one or more of the

batteries.

[0047] In an operation 225, the orientation of the charging system with the power line

can be maintained. For example, the vehicle can maximize the amount of current induced in

the coil while maintaining a suitable (e.g., safe) distance from the power line.

[0048] In embodiments in which the vehicle can charge while in a stationary position

(e.g., a land vehicle or a rotary vehicle), the vehicle can maintain a consistent position near

the power line. In embodiments in which the vehicle moves along the power line (e.g., when

the vehicle is charging while traveling or if the vehicle is a fixed wing vehicle), the vehicle

can follow the path of the power lines. For example, overhead power lines may sag between

support poles. In such an example, the vehicle can follow the sagging (e.g., the catenary



shape) of the power lines as the vehicle travels along the length of the power lines. For

example, the vehicle can maintain a constant distance from the power line.

[0049] The vehicle can maintain a distance from the power lines in any suitable

manner. For example, the UAS 400 can include a magnetometer in each of the wings 410.

The UAS 400 can triangulate the position of the power lines using the magnetometers. For

example, the direction of the magnetic field around the power lines is perpendicular to the

length of the power lines (e.g., perpendicular to the direction of current travel). Thus, based

on the measured direction of the magnetic field, the direction of the power line can be

determined. To determine the distance from the power line, the magnitude of the magnetic

field measured at each of the magnetometers can be used to triangulate the distance to the

power line. In alternative embodiments, any other suitable device may be used to determine

the distance from the vehicle to the power lines. For example, the vehicle can use lasers,

cameras, ultrasonic sensors, focal plane arrays, or infrared sensors to detect the location of

the power lines.

[0050] Fig. 6 is a block diagram of a computing device in accordance with an

illustrative embodiment. An illustrative computing device 600 includes a memory 610, a

processor 605, a transceiver 615, a user interface 620, a power source 625, and an

magnetometer 630. In altemative embodiments, additional, fewer, and/or different elements

may be used. The computing device 600 can be any suitable device described herein. For

example, the computing device 600 can be a desktop computer, a laptop computer, a

smartphone, a specialized computing device, etc. The computing device 600 can be used to

implement one or more of the methods described herein.

[0051] In an illustrative embodiment, the memory 6 10 is an electronic holding place

or storage for information so that the information can be accessed by the processor 605. The

memory 6 10 can include, but is not limited to, any type of random access memory (RAM),

any type of read only memory (ROM), any type of flash memory, etc. such as magnetic

storage devices (e.g., hard disk, floppy disk, magnetic strips, etc.), optical disks (e.g.,

compact disk (CD), digital versatile disk (DVD), etc.), smart cards, flash memory devices,

etc. The computing device 600 may have one or more computer-readable media that use the

same or a different memory media technology. The computing device 600 may have one or

more drives that support the loading of a memory medium such as a CD, a DVD, a flash

memory card, etc.



[0052] In an illustrative embodiment, the processor 605 executes instructions. The

instructions may be carried out by a special purpose computer, logic circuits, or hardware

circuits. The processor 605 may be implemented in hardware, firmware, software, or any

combination thereof. The term "execution" is, for example, the process of running an

application or the carrying out of the operation called for by an instruction. The instructions

may be written using one or more programming language, scripting language, assembly

language, etc. The processor 605 executes an instruction, meaning that it performs the

operations called for by that instruction. The processor 605 operably couples with the user

interface 620, the transceiver 615, the memory 610, etc. to receive, to send, and to process

information and to control the operations of the computing device 600. The processor 605

may retrieve a set of instructions from a permanent memory device such as a ROM device

and copy the instructions in an executable form to a temporary memory device that is

generally some form of RAM. An illustrative computing device 600 may include a plurality

of processors that use the same or a different processing technology. In an illustrative

embodiment, the instructions may be stored in memory 610.

[0053] In an illustrative embodiment, the transceiver 615 is configured to receive

and/or transmit information. In some embodiments, the transceiver 615 communicates

information via a wired connection, such as an Ethernet connection, one or more twisted pair

wires, coaxial cables, fiber optic cables, etc. In some embodiments, the transceiver 615

communicates information via a wireless connection using microwaves, infrared waves, radio

waves, spread spectrum technologies, satellites, etc. The transceiver 615 can be configured

to communicate with another device using cellular networks, local area networks, wide area

networks, the Internet, etc. In some embodiments, one or more of the elements of the

computing device 600 communicate via wired or wireless communications. In some

embodiments, the transceiver 615 provides an interface for presenting information from the

computing device 600 to external systems, users, or memory. For example, the transceiver

615 may include an interface to a display, a printer, a speaker, etc. In an illustrative

embodiment, the transceiver 615 may also include alarm/indicator lights, a network interface,

a disk drive, a computer memory device, etc. In an illustrative embodiment, the transceiver

615 can receive information from external systems, users, memory, etc.

[0054] In an illustrative embodiment, the user interface 620 is configured to receive

and/or provide information from/to a user. The user interface 620 can be any suitable user

interface. The user interface 620 can be an interface for receiving user input and/or machine



instructions for entry into the computing device 600. The user interface 620 may use various

input technologies including, but not limited to, a keyboard, a stylus and/or touch screen, a

mouse, a track ball, a keypad, a microphone, voice recognition, motion recognition, disk

drives, remote controllers, input ports, one or more buttons, dials, joysticks, etc. to allow an

external source, such as a user, to enter information into the computing device 600. The user

interface 620 can be used to navigate menus, adjust options, adjust settings, adjust display,

etc.

[0055] The user interface 620 can be configured to provide an interface for presenting

information from the computing device 600 to external systems, users, memory, etc. For

example, the user interface 620 can include an interface for a display, a printer, a speaker,

alarm/indicator lights, a network interface, a disk drive, a computer memory device, etc. The

user interface 620 can include a color display, a cathode-ray tube (CRT), a liquid crystal

display (LCD), a plasma display, an organic light-emitting diode (OLED) display, etc.

[0056] In an illustrative embodiment, the power source 625 is configured to provide

electrical power to one or more elements of the computing device 600. In some

embodiments, the power source 625 includes an alternating power source, such as available

line voltage (e.g., 120 Volts alternating current at 60 Hertz in the United States). The power

source 625 can include one or more transformers, rectifiers, etc. to convert electrical power

into power useable by the one or more elements of the computing device 600, such as 1.5

Volts, 8 Volts, 12 Volts, 24 Volts, etc. The power source 625 can include one or more

batteries.

[0057] In an illustrative embodiment, the computing device 600 includes a

magnetometer 630. In other embodiments, magnetometer 630 is an independent device and

is not integrated into the computing device 600. The magnetometer 630 can be configured to

measure magnetic fields. For example, the magnetometer 630 can be the magnetometer 125

or any suitable magnetometer. The magnetometer 630 can communicate with one or more of

the other components of the computing device 600 such as the processor 605, the memory

610, etc. A signal from the magnetometer 630 can be used to determine the strength and/or

direction of the magnetic field applied to the magnetometer 630.

[0058] In an illustrative embodiment, any of the operations described herein can be

implemented at least in part as computer-readable instructions stored on a computer-readable



memory. Upon execution of the computer-readable instructions by a processor, the

computer-readable instructions can cause a node to perform the operations.

[0059] The herein described subject matter sometimes illustrates different

components contained within, or connected with, different other components. It is to be

understood that such depicted architectures are merely exemplary, and that in fact many other

architectures can be implemented which achieve the same functionality. In a conceptual

sense, any arrangement of components to achieve the same functionality is effectively

"associated" such that the desired functionality is achieved. Hence, any two components

herein combined to achieve a particular functionality can be seen as "associated with" each

other such that the desired functionality is achieved, irrespective of architectures or

intermedial components. Likewise, any two components so associated can also be viewed as

being "operably connected," or "operably coupled," to each other to achieve the desired

functionality, and any two components capable of being so associated can also be viewed as

being "operably couplable," to each other to achieve the desired functionality. Specific

examples of operably couplable include but are not limited to physically mateable and/or

physically interacting components and/or wirelessly interactable and/or wirelessly interacting

components and/or logically interacting and/or logically interactable components.

[0060] With respect to the use of substantially any plural and/or singular terms herein,

those having skill in the art can translate from the plural to the singular and/or from the

singular to the plural as is appropriate to the context and/or application. The various

singular/plural permutations may be expressly set forth herein for sake of clarity.

[0061] It will be understood by those within the art that, in general, terms used herein,

and especially in the appended claims (e.g., bodies of the appended claims) are generally

intended as "open" terms (e.g., the term "including" should be interpreted as "including but

not limited to," the term "having" should be interpreted as "having at least," the term

"includes" should be interpreted as "includes but is not limited to," etc.). It will be further

understood by those within the art that if a specific number of an introduced claim recitation

is intended, such an intent will be explicitly recited in the claim, and in the absence of such

recitation no such intent is present. For example, as an aid to understanding, the following

appended claims may contain usage of the introductory phrases "at least one" and "one or

more" to introduce claim recitations. However, the use of such phrases should not be

construed to imply that the introduction of a claim recitation by the indefinite articles "a" or



"an" limits any particular claim containing such introduced claim recitation to inventions

containing only one such recitation, even when the same claim includes the introductory

phrases "one or more" or "at least one" and indefinite articles such as "a" or "an" (e.g., "a"

and/or "an" should typically be interpreted to mean "at least one" or "one or more"); the same

holds true for the use of definite articles used to introduce claim recitations. In addition, even

if a specific number of an introduced claim recitation is explicitly recited, those skilled in the

art will recognize that such recitation should typically be interpreted to mean at least the

recited number (e.g., the bare recitation of "two recitations," without other modifiers,

typically means at least two recitations, or two or more recitations). Furthermore, in those

instances where a convention analogous to "at least one of A, B, and C, etc." is used, in

general such a construction is intended in the sense one having skill in the art would

understand the convention (e.g., "a system having at least one of A, B, and C" would include

but not be limited to systems that have A alone, B alone, C alone, A and B together, A and C

together, B and C together, and/or A, B, and C together, etc.). In those instances where a

convention analogous to "at least one of A, B, or C, etc." is used, in general such a

construction is intended in the sense one having skill in the art would understand the

convention (e.g., "a system having at least one of A, B, or C" would include but not be

limited to systems that have A alone, B alone, C alone, A and B together, A and C together,

B and C together, and/or A, B, and C together, etc.). It will be further understood by those

within the art that virtually any disjunctive word and/or phrase presenting two or more

alternative terms, whether in the description, claims, or drawings, should be understood to

contemplate the possibilities of including one of the terms, either of the terms, or both terms.

For example, the phrase "A or B" will be understood to include the possibilities of "A" or "B"

or "A and B." Further, unless otherwise noted, the use of the words "approximate," "about,"

"around," "substantially," etc., mean plus or minus ten percent.

[0062] The foregoing description of illustrative embodiments has been presented for

purposes of illustration and of description. It is not intended to be exhaustive or limiting with

respect to the precise form disclosed, and modifications and variations are possible in light of

the above teachings or may be acquired from practice of the disclosed embodiments. It is

intended that the scope of the invention be defined by the claims appended hereto and their

equivalents.



WHAT IS CLAIMED IS:

1. A device comprising:

a propulsion unit configured to move the device;

a steering unit configured to control the direction of movement of the device;

a power unit configured to provide power to the propulsion unit;

a charging unit configured to use an electric field to provide electrical power to the

power unit;

a first magnetic sensor configured to determine a vector of one or more magnetic

fields; and

a processor communicatively coupled to the propulsion unit, the steering unit, the

power unit, and the magnetic sensor, wherein the processor is configured to:

receive, from the magnetic sensor, a time-varying signal indicative of a

magnetic field;

determine, based on the time-varying signal, that the magnetic field is

associated with an electrical power transmission line;

determine, based on the time-varying signal, a distance between the electrical

power transmission line and the device;

compare the distance between the electrical power transmission line and the

device and a first distance; and

cause the steering unit to direct the device toward the electrical power

transmission line based on the comparison to be the first distance away from the electrical

power transmission line.

2 . The device of claim 1, wherein the electric field is generated by the electrical

power transmission line.

3 . The device of claim 1, wherein the processor is further configured to cause the

steering unit to orient the device in a direction that maximizes the electrical power provided

to the power unit.

4 . The device of claim 3, wherein to determine the distance between the

electrical power transmission line and the device, the processor is configured to:

cause the steering unit to move in a direction that is not parallel to a length of the

electrical power transmission line; and

determine, based on an indication that the magnetic field increased and then

decreased, that the device traveled through a plane parallel to the length of the electrical

power transmission line.



5 . The device of claim 3, wherein the first distance is one meter.

6 . The device of claim 1, wherein the charging unit comprises an inductive

transducer.

7 . The device of claim 6, wherein the inductive transducer comprises an

inductive coil.

8 . The device of claim 1, wherein the propulsion unit includes one or more

propellers.

9 . The device of claim 1, wherein the propulsion unit is configured to move the

device in three dimensions.

10. The device of claim 1, further comprising:

a fuselage configured to contain the power unit; and

a first wing extending from the fuselage, wherein the first wing comprises a first

inductive transducer, and wherein the charging unit uses the first inductive transducer to

provide the electrical power to the power unit.

11. The device of claim 10, wherein the first wing further comprises the first

magnetic sensor.

1 . The device of claim 10, further comprising a second wing extending from the

fuselage, wherein the second wing comprises a second inductive transducer, and wherein the

charging unit uses the second inductive transducer to provide the electrical power to the

power unit.

13. The device of claim 12, further comprising a second magnetic sensor, wherein

the second wing further comprises the second magnetic sensor.

14. The device of claim 1, further comprising a power meter configured to

monitor a power level of the power unit, wherein the processor is communicatively coupled

to the power meter, and wherein the processor is configured to cause the steering unit to

direct the device toward the electrical power transmission line in response to receiving an

indication from the power meter that the power level of the power unit is below a power

threshold.

15. The device of claim 1, further comprising memory configured to store a

magnetic waypoint database.

16. The device of claim 1, wherein the first magnetic sensor comprises a diamond

with a nitrogen vacancy.

17. The device of claim 1, wherein the electrical power transmission line

comprises an overhead electrical power transmission line.



18 . The device of claim 1, wherein the electrical power transmission line

comprises a buried electrical power transmission line.

19. A method comprising:

receiving, at a processor, a time-varying signal from a first magnetic sensor, wherein

the time-varying signal is indicative of a magnetic field;

determining, based on the time-varying signal, that the magnetic field is caused by an

electrical power transmission line; and

causing a steering unit of a device to direct the device toward the electrical power

transmission line.

20. The method of claim 19, further comprising charging a power unit of the

device by using an electromagnetic field generated by the electrical power transmission line.

21. The method of claim 20, further comprising causing the steering unit of the

device to maintain a first distance from the electrical power transmission line.

22. The method of claim 2 1, further comprising causing a propulsion unit of the

device to move the device along a length of the electrical power transmission line while the

device is maintained at the first distance away from the electrical power transmission line.

23. The method of claim 19, further comprising:

determining, based on the time-varying signal, a distance between the electrical power

transmission line and the device;

comparing the distance between the electrical power transmission line and the device

and a first distance; and

causing the steering unit to direct the device based on the comparison to be the first

distance away from the electrical power transmission line.

24. The method of claim 23, wherein determining the distance between the

electrical power transmission line and the device comprises:

causing the steering unit to move in a direction that is not parallel to a length of the

electrical power transmission line; and

determining, based on an indication that the magnetic field increased and then

decreased, that the device traveled through a plane parallel to the length of the electrical

power transmission line.

25. The method of claim 23, wherein the first distance is less than ten meters.

26. The method of claim 20, further comprising causing the steering unit to orient

the device in a direction that maximizes electrical power used in charging to the power unit.



27. The method of claim 19, wherein to direct the device to the electrical power

transmission line, the method includes directing the device in three dimensions.

28. The method of claim 19, further comprising determining, via a power meter,

that the power unit is below a power threshold, wherein said causing the steering unit to

direct the device toward the electrical power transmission line is in response to said

determining that the power level of the power unit is below the power threshold.

29. A device comprising:

a propulsion unit configured to move the device;

a power unit configured to provide power to the propulsion unit;

a charging unit configured to use an electric field to provide electrical power to the

power unit;

a first magnetic sensor configured to determine a vector of a magnetic field of an

electrical power transmission line; and

a transceiver configured to transmit to a receiver the vector of the magnetic field.

30. The device of claim 29, further comprising a steering unit configured to

control the direction that the device moves in.

31. The device of claim 30, wherein the transceiver is further configured to

receive instructions for the steering unit.

32. A system comprising:

a vehicle comprising:

a propulsion unit configured to move the vehicle;

a power unit configured to provide power to the propulsion unit;

a charging unit configured to use an electric field to provide electrical power

to the power unit;

a first magnetic sensor configured to determine a vector of a magnetic field of

an electrical power transmission line; and

a transceiver configured to transmit a signal indicating the vector of the

magnetic field; and

a transceiver unit configured receive the signal.

33. The system of claim 32, wherein the transceiver unit further comprises a

display configured to display the vector of the magnetic field.

34. The system of claim 32, wherein the transceiver unit is further configured to

transmit a signal indicating a change in direction, wherein the transceiver is configured to



receive the signal indicating the change in direction, and wherein the propulsion unit is

configured to move the vehicle based on the change in direction.

35. A device comprising:

a propulsion unit configured to move the device;

a first magnetic sensor configured to determine a first vector of a magnetic field;

a power unit configured to provide power to the propulsion unit; and

a charging unit configured to use an electric field to provide electrical power to the

power unit, wherein the electric field and the magnetic field are associated with an electrical

power transmission line.

36. The device of claim 35, further comprising a processor operatively coupled to

the propulsion unit and the first magnetic sensor, wherein the processor is configured to cause

the propulsion unit to maintain a first distance from the electrical power transmission line

based at least in part on a direction of the first vector of the magnetic field.

37. The device of claim 37, further comprising a second magnetic sensor

configured to determine a second vector of the magnetic field, wherein the processor is

operatively coupled to the second magnetic sensor, and wherein the processor is further

configured to determine a distance between the device and the electrical power transmission

line based on the first vector of the magnetic field and the second vector of the magnetic

field.
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