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Description

BACKGROUND

[0001] The use of autonomous and semiautonomous unmanned autonomous vehicles (UAVs), also referred to as
"drones," is becoming more common. The range of a UAV may be limited by its stored power supply. Recharging stations
may extend the range of a UAV, and with proper placement of recharging stations, the range of a UAV may be effectively
unlimited.
[0002] Wireless charging stations are well suited for this task, because the UAV does not need to be perfectly aligned
with the wireless charging station in order to charge the power supply. Further, the charging station typically does not
have exposed conductors that may become dirty or corroded by the elements.
[0003] However, reasonably good alignment between charging station and the receive coil on the drone (e.g., within
a few centimeters to tens of centimeters) is required for the UAV to be able to utilize wireless power. While Global
Positioning System (GPS), inertial navigation, radio navigation, and other fairly standard systems may enable a UAV to
move within a few meters of a recharging station, these navigation systems are not sufficiently accurate to obtain the
centimeter-level accuracy required to properly dock with a wireless charging station. While more accurate navigation
systems exist, such as Differential Global Positioning System equipment, these systems are expensive, relatively heavy,
and require increased calibration to achieve the improved location accuracy.
Attention is drawn to document EP 2 829 937 A1 which relates to a ground robot which uses a magnetic field emitted
by a base station to navigate towards said base station. The navigation comprises two phases: a magnetic field search
phase and a magnetic field tracking phase.

SUMMARY

[0004] Various embodiments include methods of navigating an unmanned aerial vehicle (UAV) that may include
calculating a magnetic field vector and strength of a magnetic field emanating from a charging station, navigating the
UAV to the charging station using the calculated magnetic field vector and strength, determining whether the UAV is
substantially aligned with the charging station, and maneuvering the UAV to approach the charging station using the
magnetic field vector and strength in response to determining that the UAV is substantially aligned with the charging
station.
[0005] In some embodiments, determining whether the UAV is substantially aligned with the charging station may
include determining whether the UAV is substantially aligned with a center of the charging station. Some embodiments
may further include recalculating the magnetic field vector and strength in response to determining that the UAV is not
substantially aligned with the center of the charging station, and maneuvering the UAV to approach the charging station
using the recalculated magnetic field vector and strength.
[0006] In some embodiments, maneuvering the UAV to approach the charging station using the magnetic field vector
and strength may include maintaining the UAV substantially above the charging station using the magnetic field vector
and strength while descending to the charging station. In some embodiments, maneuvering the UAV to approach the
charging station using the magnetic field vector and strength may include descending the UAV to the charging station
while maintaining the UAV substantially above a center of the charging station using the magnetic field vector and strength.
[0007] Some embodiments may further include determining whether the UAV is sufficiently proximate to the charging
station, and initiating charging of a power storage of the UAV in response to determining that the UAV is sufficiently
proximate to the charging station.
[0008] Some embodiments may further include detecting the magnetic field, detecting one or more characteristics of
the detected magnetic field, and verifying that the charging station is generating the magnetic field based on the detected
one or more characteristics.
[0009] In some embodiments, navigating the UAV to the charging station using the calculated magnetic field vector
and strength may include obtaining route information defining a specified route for approaching the charging station,
and navigating the UAV along the specified route using the route information and the calculated magnetic field vector
and strength.
[0010] Some embodiments may further include navigating the UAV away from the charging station using the magnetic
field vector and strength. In such embodiments, navigating the UAV away from the charging station using the magnetic
field vector and strength may include obtaining route information for a specified route away from the charging station,
and navigating the UAV along the specified route away from the charging station using the route information and the
calculated magnetic field vector and strength.
[0011] In some embodiments, calculating the magnetic field vector and strength of the magnetic field emanating from
the charging station may include receiving information from a magnetic field sensor comprising a first coil, a second coil,
and a third coil, wherein each coil is oriented orthogonally to the other two coils, and calculating the magnetic field vector
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based on the information received from the first coil, the second coil, and the third coil.
[0012] In some embodiments, calculating the magnetic field vector and strength of the magnetic field emanating from
the charging station may include receiving information from a magnetic field sensor comprising a first coil, a second coil,
and a third coil, wherein at least one of the first coil, the second coil, and the third coil may include a charging coil of the
UAV, and calculating the magnetic field vector based on the information received from the first coil, the second coil, and
the third coil.
[0013] In some embodiments, calculating the magnetic field vector and strength of the magnetic field emanating from
the charging station may include receiving information from a magnetic field sensor comprising a first coil, a second coil,
and a third coil, wherein the first coil, the second coil, and the third coil are oriented substantially in the same plane and
wherein each coil is oriented to detect a first magnetic field component of a first plane and a second magnetic field
component of one of a second plane and a third plane, and calculating the magnetic field vector based on the information
received from the first coil, the second coil, and the third coil.
[0014] Further embodiments may include a UAV having a magnetic field sensor and a processor coupled the magnetic
field sensor and configured with processor-executable instructions to perform operations of the methods summarized
above. Further embodiments may include means for performing functions of the methods summarized above. Further
embodiments may include a non-transitory processor-readable medium having stored thereon processor-executable
instructions configured to cause a processor of a UAV to perform operations of the methods summarized above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are incorporated herein and constitute part of this specification, illustrate
example embodiments, and together with the general description given above and the detailed description given below,
serve to explain the features of various embodiments.

FIG. 1 is a top view of a UAV according to various embodiments.

FIG. 2A is a component block diagram illustrating components of a UAV according to various embodiments.

FIG. 2B is a component block diagram illustrating components of a magnetic field sensor according to various
embodiments.

FIGS. 3A-3C are diagrams illustrating magnetic field sensors according to various embodiments.

FIG. 4 is a process flow diagram illustrating a method of navigating a UAV according to various embodiments.

FIG. 5 is a diagram illustrating navigating of a UAV according to various embodiments.

FIG. 6 is a process flow diagram illustrating a method of navigating a UAV according to various embodiments.

FIG. 7 is a process flow diagram illustrating a method of navigating a UAV according to various embodiments.

DETAILED DESCRIPTION

[0016] Various embodiments will be described in detail with reference to the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to the same or like parts. References
made to particular examples and implementations are for illustrative purposes, and are not intended to limit the scope
of the claims.
[0017] Various embodiments provide methods for navigating a UAV to a wireless charging station to accurately position
the UAV on the charging station. The various embodiments include sensing the magnetic field of the charging station
and using the direction of magnetic field lines to guide the UAV to the center of the charging station. The various
embodiments also include using the magnetic field of the charging station to accurately navigate the UAV away from
the charging station after charging of the UAV.
[0018] As used herein, the term "UAV" refers to one of various types of unmanned autonomous vehicle. Any of a
variety of vehicles may be configured to operate autonomously and work with the various embodiments, including aerial
vehicles, land vehicles, waterborne vehicles, and space vehicles. Various embodiments are illustrated with reference
to an unmanned aerial vehicle as an example of a type of UAV that may benefit from magnetic field navigation. A UAV
may include an onboard computing device configured to operate the UAV without remote operating instructions (i.e.,
autonomously), such as from a human operator or remote computing device. Alternatively, the onboard computing device
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may be configured to maneuver and/or operate the UAV with some remote operating instruction or updates to instructions
stored in a memory of the onboard computing device.
[0019] An aerial UAV may be propelled for flight using a plurality of propulsion units, each including one or more rotors,
that provide propulsion and/or lifting forces for the UAV. In addition, an aerial UAV may include wheels, tank-tread, or
other non-aerial movement mechanisms to enable movement on the ground. Aerial UAV propulsion units may be powered
by one or more types of electric power sources, such as batteries, fuel cells, motor-generators, solar cells, or other
sources of electric power, which may also power the onboard computing device, navigation components, and/or other
onboard components.
[0020] The UAV may include two or more processors, a first processor that is a main or central processor or motor/flight
controller of the UAV (a "main processor"), and a second processor associated with a component system of the UAV,
such as a navigation system. As used herein, the term "processor" refers to one or more processors of the UAV, including
the main processor and other processors of the UAV.
[0021] The term "computing device" is used herein to refer to an electronic device equipped with at least a processor
that may be configured with processor-executable instructions. Examples of computing devices may include UAV flight
control and/or mission management computer that are onboard the UAV, as well as remote computing devices com-
municating with the UAV configured to perform operations of various embodiments. Remote computing devices may
include wireless communication devices (e.g., cellular telephones, wearable devices, smart-phones, web-pads, tablet
computers, Internet enabled cellular telephones, Wi-Fi enabled electronic devices, personal data assistants (PDAs),
laptop computers, etc.), personal computers, and servers. In various embodiments, computing devices may be configured
with memory and/or storage as well as wireless communication capabilities, such as network transceiver(s) and anten-
na(s) configured to establish a wide area network (WAN) connection (e.g., a cellular network connection, etc.) and/or a
local area network (LAN) connection (e.g., a wireless connection to the Internet via a Wi-Fi router, etc.).
[0022] The ranges of UAVs are typically limited by their stored power supplies. While wireless charging stations may
be well suited to address this limitation, current UAV navigation devices and methods (such as GPS, inertial navigation,
radio navigation, and other standard systems) are not sufficiently accurate to obtain centimeter-level accuracy required
to properly dock a UAV with a wireless charging station.
[0023] In some embodiments, the UAV may use a navigation system (such as GPS) to maneuver relatively close to
(e.g., within a few meters) of the charging station. When close enough, the UAV may sense the magnetic field ("H-field")
emanating from the charging station using a three-dimensional (3D) magnetic field sensor, and may navigate close
enough to the center of the charging station based on a magnetic field vector and strength. The magnetic field sensor
may include a three-loop sensor that detects an X, Y, and Z axis of the H-field. In various embodiments, a vector of the
H-field may indicate the center of the charging station. The UAV may determine a maneuver direction using the H-field
vector to navigate to the charging station and to position itself substantially over the center of the charging station. In
some embodiments, the UAV may iteratively detect the magnetic field strength and vector, and may navigate relative
to the charging station using the iteratively detected magnetic field vector and strength to position the UAV substantially
over the center of the charging station.
[0024] In some embodiments, the UAV may obtain route information for a specified route for approaching the charging
station. For example, certain approach routes to the charging station may be clear, while others may be obstructed. The
UAV may obtain the route information from an onboard memory (e.g., routing or map information). The UAV may also
obtain the route information from the charging station, from a communications network, from a user input, or from another
data source. In some embodiments, the UAV may use the magnetic field strength and vector and the obtained route
information to follow the specified route for approaching the charging station.
[0025] In some embodiments, upon determining that the UAV is substantially above or otherwise aligned with the
center of the charging station, and/or is within a threshold distance from the charging station, the UAV may initiate a
final approach sequence to close the distance to the charging station. The UAV may use the magnetic field vector and
strength to control the approach sequence, adjusting the rate of approach and maintaining position over the charging
station (e.g., if the UAV is moved by the wind or another factor).
[0026] In some embodiments, the UAV may magnetically couple a charging coil to the magnetic field of the charging
station. In some embodiments, the UAV may power down (e.g., its motors) to facilitate charging. For example, the UAV
may power down in response to detecting power being received from the charging coil. As another example, the UAV
may power down in response to detecting contact with the charging station.
[0027] In various embodiments, the UAV may power up in response to determining that the power storage of the UAV
is sufficiently charged. In some embodiments, the UAV may navigate away from the charging station using the magnetic
field vector and strength. In some embodiments, the UAV may obtain route information for a specified route away from
the charging station. In some embodiments, the UAV may use the magnetic field vector and strength, as well as the
route information, to navigate away from the charging station.
[0028] Various embodiments may be implemented within a variety of UAVs, an aerial UAV 100 example of which is
illustrated in FIG. 1. With reference to FIG. 1, the UAV 100 may include a plurality of rotors 120 supported by a frame
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110. The rotors 120 may each be associated with a motor 125. Each motor 125 may be a three-phase alternating current
(AC) motor or another multi-phase configuration of motor.
[0029] While the UAV 100 is illustrated with four rotors 120, UAVs may include more or fewer rotors 120. For conciseness
of description and illustration, some detailed aspects of the UAV 100 are omitted such as wiring, frame structure inter-
connects or other features that would be known to one of skill in the art. For example, the UAV 100 may be constructed
with an internal frame having a number of support structures or using a molded frame in which support is obtained
through the molded structure.
[0030] FIG. 2A is a component block diagram illustrating components of the UAV 100 (e.g., FIG. 1) according to various
embodiments. With reference to FIGS. 1 and 2A, the UAV 100 may include a control unit 150, which may include various
circuits and devices used to power and control the operation of the UAV 100. For example, the control unit 150 may
include a processor 160 configured with processor-executable instructions to control flight and other operations of the
UAV 100, including operations of various embodiments. The control unit 150 may be coupled to each of the rotors 120
by way of the corresponding motors 125. Optionally, each of the motors 125 may communicate with a controller 130
that may handle functions including controlling aspects of the operation of its associated motor 125. Each controller 130
may include a processor 130a configured to execute processor-executable instructions that may be stored in a memory
130b.
[0031] The processor 160 or the controllers 130 may control power to the motors 125 to drive each of the rotors 120.
The processor 160 or the controllers 130 may drive the motors 125 "forward" to generate varying amounts of thrust, or
"backward" to produce varying amounts of mixed aerodynamic forces. Each of the controllers 130 may be used to control
individual speeds of the motors 125.
[0032] The control unit 150 may include a power module 151, an input module 180, sensors 182, an output module
185, a radio module 190, or any combination thereof. The processor 160 may include or be coupled to a memory 161
and a navigation unit 163. The processor 160 may be coupled to the one or more payload-securing units 175 and the
sensors 182. The payload-securing units 175 may include an actuator motor that drives a gripping and release mechanism
and related controls that are responsive to the control unit 150 to grip and release a payload in response to commands
from the control unit 150.
[0033] The sensors 182 may be optical sensors, radio sensors, a camera, and/or other sensors. Alternatively or
additionally, the sensors 182 may be contact or pressure sensors that may provide a signal that indicates when the UAV
100 has landed. The power module 151 may include one or more batteries that may provide power to various components,
including the processor 160, the payload-securing units 175, the input module 180, the sensors 182, the output module
185, and the radio module 190.
[0034] The UAV 100 may also include a power storage 170 (e.g., an onboard battery), which may be coupled to the
motors 125 (e.g., via controllers 130) and the control unit 150. The power storage 170 may include energy storage
components, such as rechargeable batteries. The power storage 170 may also be coupled to a charging coil 172 to
enable wireless charging of the power storage 170.
[0035] Through control of individual ones of the motors 125 corresponding to each of the rotors 120, the UAV 100
may be controlled in flight as the UAV 100 progresses toward a destination and/or operates in various flight modes. The
processor 160 may receive data from the navigation unit 163 and use such data in order to determine the present position
and orientation of the UAV 100, as well as the appropriate course towards the destination or landing sites. In various
embodiments, the navigation unit 163 may include a global navigation satellite system (GNSS) receiver system (e.g.,
one or more Global Positioning System (GPS) receivers) enabling the UAV 100 to navigate using GNSS signals. Alter-
natively or in addition, the navigation unit 163 may be equipped with radio navigation receivers for receiving navigation
beacons or other signals from radio nodes, such as navigation beacons (e.g., very high frequency (VHF) Omni Directional
Radio Range (VOR) beacons), Wi-Fi access points, cellular network sites, radio station, remote computing devices,
other UAVs, etc.
[0036] The processor 160 and/or the navigation unit 163 may be configured to communicate with a server through a
wireless connection (e.g., a cellular data network) to receive commands to control flight, receive data useful in navigation,
provide real-time position altitude reports, and assess data. An avionics module 167 coupled to the processor 160 and/or
the navigation unit 163 may be configured to provide flight control-related information such as altitude, attitude, airspeed,
heading and similar information that the navigation unit 163 may use for navigation purposes, such as dead reckoning
between GNSS position updates. The avionics module 167 may include or receive data from an inertial measurement
unit (IMU) 165. The IMU 165 may include one or more gyroscopes, accelerometers, and other similar devices that may
provide data regarding the orientation and acceleration of the UAV 100, which may be used in navigation and positioning
calculations.
[0037] The UAV 100 may also include a magnetic field sensor 174. The magnetic field sensor 174 may be configured
to measure the direction and strength (vector) of a magnetic field. In some embodiments, the magnetic field sensor 174
may include three coils or loops, configured to enable the magnetic field sensor 174 to detect X, Y, and Z axis components
of a magnetic field vector. The magnetic field sensor 174 may communicate with the processor 160. In some embodiments,
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the magnetic field sensor 174 may be coupled to the charging coil 172. In various embodiments, a processor of the UAV
100 (e.g., the processor 160) may determine a magnetic field vector and strength, and the processor 160 may use the
determined magnetic field and strength to generate flight instructions to navigate the UAV 100. The processor 160 may
additionally determine a position and orientation of the UAV 100 using information from one or more of the sensors 182
or one or more components of the IMU 165, and may use the position and orientation of the UAV 100 together with the
determined magnetic field vector and strength to generate flight instructions for the UAV 100.
[0038] The radio module 190 may be configured to receive signals (e.g., command signals for controlling flight, signals
from aviation navigation facilities, etc.) and to provide such signals to the processor 160 and/or the navigation unit 163.
In some embodiments, the radio module 190 may enable the UAV 100 to communicate with a wireless communication
device 250 through a wireless communication link 195. The wireless communication link 195 may be a bidirectional or
unidirectional communication link, and may use one or more communication protocols (e.g., Spektrum 2.4GHz digital
spectrum modulation).
[0039] In various embodiments, the control unit 150 may be equipped with the input module 180, which may be used
for a variety of applications. The input module 180 may receive images or data from an onboard camera or sensor (e.g.,
182), or may receive electronic signals from other components (e.g., a payload). The output module 185 may be used
to activate components (e.g., an energy cell, an actuator, an indicator, a circuit element, a sensor, and/or an energy-
harvesting element).
[0040] While various components of the control unit 150 are illustrated or described as separate components, some
or all of the components (e.g., the processor 160, the output module 185, the radio module 190, and other units) may
be integrated together in a single device or module, such as a system-on-chip module.
[0041] FIG. 2B is a component block diagram illustrating components of a magnetic sensor 200. With reference to
FIGS. 1, 2A, and 2B, the magnetic sensor 200 may be similar to the magnetic sensor 174. In some embodiments, the
magnetic sensor 200 may include an X coil 202, a Y coil 204, and a Z coil 206, each differently oriented to detect and
measure a magnetic field in an X axis, a Y axis, and a Z axis, respectively. Each of the coils 202-206 may be coupled
to a voltage measurement unit 214, which may measure a voltage generated at each coil 202-206 by a magnetic field.
The voltage measurement unit 214 may communicate each of the detected voltages to the processor 160, and the
processor 160 may calculate a magnetic field vector and strength based on the detected voltages.
[0042] In some embodiments, the coils 202-206 may be combined with or be a part of the charging coil 172. To enable
the UAV 100 to switch from magnetic field sensing to power reception (e.g., after the UAV has landed on a charging
station), the magnetic sensor 200 may include switches, such as relays 208, 210, and 212, to connect each of the coils
202-206 (respectively) to capacitors and rectifiers for DC power out (e.g., power transfer) 216.
[0043] FIGS. 3A-3C illustrate magnetic field sensors 300, 310, 329 according to various embodiments. The magnetic
field sensors illustrated in FIGS. 3A-3C may be similar to the magnetic field sensors 174 (FIG. 2A) and 200 (FIG. 2B).
[0044] The magnetic field sensor 300 may include three wire loop coils, an X coil 302, a Y coil 304, and a Z coil 306.
The X, Y and Z coils 302-306 are oriented orthogonally to one other. Each of the X, Y and Z coils 302-306 may detect
components of a magnetic field that are substantially perpendicular to the coils 302-306. A processor (e.g., 160) of the
UAV may use information obtained from the coils 302-306 to determine three-dimensional information about a magnetic
field.
[0045] In some embodiments, the processor may convert information from Cartesian coordinates to polar coordinates
to determine an orientation of the magnetic field vector from the measurements of each coil. For example, to reduce the
measurements of each coil to a vector direction, the processor may convert information from Cartesian coordinates to
polar coordinates. As an example, the processor may perform a conversion using the following equations: 

in which M represents a magnitude of a magnetic field and is proportional to distance^2, and θ and Φ represent an
inclination and an azimuth of the magnetic field, respectively. Taken together, M, θ, and Φ may represent a vector that
points either at or away from the charging station along a unit vector defined by θ and Φ with a magnitude (strength) of M.
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[0046] The three loop magnetic field sensor 310 may include an X coil 312, a Y coil 314, and a Z coil 316. In the
magnetic field sensor 310, the Z coil 316 may also function as a wireless charging coil (e.g., the charging coil 172). In
this configuration, the magnetic field sensor 310 may be added to a UAV by using an existing wireless charging coil and
adding only two new coils (e.g., the X coil 312 and the Y coil 314). The Z coil 316 may be used to receive charging
energy, for example, once the UAV has landed on the charging station.
[0047] The three loop magnetic field sensor 320 may include a Z-X coil 322, a Z+Y coil 324, and a Z+X coil 326. The
magnetic field sensor 320 may be considered a "squashed" version of the magnetic field sensor 300 (FIG. 3A), in which
the coils 322-326 have been "flattened" so that they lie almost entirely in the Z plane, with only a relatively small tilt into
the X and Y planes. For example, in the magnetic fields a 310, the axial tilts of the coils 322-226 differ by 90 degrees.
Thereby, the coil 324 receives magnetic field energy in the Z plane with a small contribution from the Y plan, and the
coils 322 and 326 each receive magnetic field energy in the Z plane with a small contribution from the X field. Since the
coils 322 and 326 have opposite tilts, the contribution from the X plane may be positive in the coil 326, and the contribution
from the X plane may be negative in coil 322. All three coils 322-326 may also be used for power reception. As such,
the addition of the magnetic field sensor 320 to a UAV may add relatively little additional weight to the UAV.
[0048] In some embodiments, the coils 322-326 may be oriented such that their axes are offset by 120 degrees. Each
of the coils 322-326 may detect magnetic field flux contributions that may be represented according to the following
equations: 

in which θ represents and angle from the Z plane, and may be close to zero degrees, and Φ represents a displacement
angle from a perpendicular axis. (As used in Equations 4-6, θ and Φ do not represent the Cartesian-polar conversion
represented in Equations 1-3.)
[0049] FIG. 4 is a process flow diagram illustrating a method 400 for navigating a UAV (e.g., 100 in FIG. 1) according
to various embodiments. With reference to FIGS. 1-4, the method 300 may be implemented by a processor (e.g., the
processor 160, the processor 130a, and/or the like) of the UAV.
[0050] In block 402, the processor may navigate the UAV toward a charging station. For example, the processor may
determine a location of the charging station, or a relative direction to the charging station, using a navigation system
such as GPS or other similar system. For example, as illustrated in FIG. 5, the processor (e.g., of the UAV 100) may
approach the location of a charging station 502 using information from the navigation system.
[0051] Returning to FIGS. 1-4, in block 404, the processor may attempt to detect the magnetic field emanating from
the charging station. For example, the processor may detect a magnetic field in one or more coils of a magnetic field
sensor (e.g., the magnetic field sensor 174, 300, 310, 320). In some embodiments, in detecting the magnetic field of the
charging station the processor may determine whether a field strength of the detected magnetic field meets a threshold
field strength as would be expected to be emanating from a charging station. For example, the processor may initially
detect a magnetic field 504 (FIG. 5) as it reaches position "A".
[0052] In block 406, the processor may calculate a magnetic field vector and strength. For example, the processor
may use information provided by a three-dimensional magnetic field sensor to calculate the magnetic field vector and
strength. In some embodiments, the processor may use the calculated magnetic field vector and strength to more
accurately locate a location of and/or direction to the charging station. In some embodiments, the processor may detect
a relatively weak magnetic field with diagonally-oriented field vector, which may indicate that the UAV is relatively distant
from the charging station, and that the UAV is not substantially above or otherwise aligned with a center of the charging
station.
[0053] In block 408, the processor may determine one or more signal characteristics of the detected magnetic field.
In some embodiments, the processor may detect that the magnetic field includes an oscillation frequency, and that the
oscillation frequency correlates with an expected oscillation frequency of the signal from a wireless charging station. For
example, a magnetic field of a charging station may oscillate at a frequency of 6.78 MHz. In some embodiments, a
magnetic field that oscillates at an expected oscillation frequency may serve as a beacon signal that is identifiable by
the processor of the UAV.
[0054] In some embodiments, the magnetic field may include certain on/off characteristics. For example, a wireless
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charging station using the Alliance for Wireless Power (A4WP) specification for power transfer may include a beacon
interval of 3 ms. Wireless charging stations using other specifications (e.g., Powermat, Qi, etc.) may also include a
specific an identifiable beacon signal interval.
[0055] In some embodiments, the processor may ignore (e.g., filter out) magnetic fields that do not conform to expected
signal characteristics of a charging station. Examples of magnetic fields that may be ignored in this manner include the
Earth’s magnetic field, the 50 or 60 Hz "hum" associated with alternating current (AC) electrical power and electrical
appliances, amplitude modulated (AM) radio and other radio transmissions, and others. In some embodiments, the
processor may ignore or filter out from magnetic field noise associated with spurious magnetic field signals. In some
embodiments, the processor may search only for (i.e., "filter in") magnetic fields exhibiting certain specific characteristics
or signals that may identify a wireless charging station (e.g., beacon signals).
[0056] In determination block 410, the processor may determine whether a charging station is detected, such as by
verifying that the detected magnetic field is emanating from a recognized charging station. In some embodiments, based
on the calculated magnetic field vector and strength, and the determined one or more magnetic field characteristics, the
processor may verify that the detected magnetic field is emanating from a charging station. In some embodiments, the
processor may determine that a charging station is detected by determining that a location of the magnetic field generally
matches a known charging station location. The known charging station location may be, for example, stored in a memory
of the UAV, or available to the UAV from a server or another network element of a communication network..
[0057] In response to determining that the charging station is not verified (i.e., determination block 410 = "No"), the
processor may continue to attempt to detected the magnetic field of the charging station in block 404.
[0058] In response to verifying that the detected magnetic field is from the charging station (i.e., determination block
410 = "Yes"), the processor may begin navigating using the magnetic field by recalculating the magnetic field vector and
strength in block 412 and navigating the UAV to approach and align with the charging station using the magnetic field
vector and strength in block 414. For example, the processor may monitor the magnetic field strength and navigate the
UAV in the direction of increasing field strength. As another example, the processor may monitor the magnetic field
vector and navigate the UAV in the direction in which the magnetic field vector is increasingly perpendicular. In some
embodiments, when navigating to a position substantially above or otherwise aligned with the center of the charging
station, the processor may hold the UAV at an altitude (e.g., may hold the UAV at a position in the Z axis) and may make
changes to the position of the UAV in the X and Y axes. In some embodiments, the processor may use the magnetic
field strength to determine a distance of the UAV from the charging station. In some embodiments, the processor may
also use information from the navigation system (e.g., GPS), which the processor may use in combination with the
magnetic field strength, to determine the distance from the charging station. For example, the processor may navigate
an aerial UAV toward a position "B" (FIG. 5) that is substantially above and aligned with the center of the charging station
502.
[0059] The processor may iteratively calculate the magnetic field vector and strength while navigating the UAV to
detect when the UAV is lined up with the charging station, or otherwise approaching or at a position from which a final
approach may begin . In determination block 416 (FIG. 4), the processor may determine whether the UAV is substantially
above or otherwise aligned with a center of the charging station.
[0060] In response to determining that the UAV is not substantially above or otherwise aligned with the center of the
charging station (i.e., determination block 416 = "No"), the processor may recalculate the magnetic field vector and
strength in block 412, and may continue to navigate the UAV to align with the charging station using the magnetic field
vector and strength in block 414. In some embodiments, the processor may use the detected field vector and strength
to determine a distance from and/or an altitude above the charging station. For example, the magnetic field strength
may be proportional to a distance between the UAV and the charging station.
[0061] In some embodiments, the magnetic field vector may indicate more than one direction. For example, a magnetic
field generated by an AC current at the charging station may include two detectable field vectors, pointing and substantially
opposite directions. In some embodiments, the processor may use data from one or more sensors (e.g., an accelerometer,
a gyroscope, and the like) to identify which of the detectable field vectors is likely to indicate the true location of the
charging station. For example, if the processor of an airborne UAV detects two field vectors, one pointing up (e.g., away
from the ground) and one pointing down (e.g., toward the ground), the processor may use data from one or more sensors
to determine an orientation of the UAV, or a likely location of the ground. From this information the processor may identify
one magnetic field vector as indicating the direction toward the charging station, and/or to identify the other magnetic
field vector as not indicating the correct direction.
[0062] In some embodiments, as the processor navigates the UAV toward the charging station, the processor may at
some point switch over from using information from a navigation system (e.g., GPS) to using the magnetic field vector
and strength from the charging station to navigate the UAV. For example, after the processor verifies that the detected
magnetic field is associated with a charging station, the processor may switch from using the navigation system exclusively
to using the magnetic field vector and strength for navigation information. In some embodiments, the processor may
use both information from the navigation system and the magnetic field vector and strength to navigate the UAV. In
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some embodiments, the processor may use a blend or weighted combination of such information. For example, the
processor may initially relying more heavily on information from the navigation system, and gradually increase a weight
placed on or an amount that the processor uses the magnetic field vector and strength information for navigation as the
detected magnetic field strength increases.
[0063] In response to determining that the UAV is substantially above or otherwise aligned with the center of the
charging station (i.e., determination block 416 = "Yes"), the processor may maneuver the UAV to approach the charging
station using the magnetic field vector and strength in block 418. In some embodiments, the processor may initiate an
approach sequence in response to determining that the UAV is substantially above or otherwise aligned with the center
of the charging station. In the case of an aerial UAV, the maneuvering the UAV to approach the charging station may
involve descending while using the magnetic field vector and strength to maintain the UAV centered above the charging
station. The approach sequence may also include adjusting the velocity of the UAV to enable a soft landing on or other
coupling with the charging station.
[0064] For example, referring to FIG. 5, the processor may control the UAV to approach the charging station 502 from
position "B" through position "C" that is substantially above or otherwise aligned with the center of the charging station
502. In some embodiments, the processor may navigate the UAV to position "B", and then the processor may control
the UAV to descend to position "C" before initiating the approach sequence. For example, the processor may monitor
the magnetic field strength, and may control the approach of the UAV until the magnetic field strength reaches a threshold
field strength. Then, in response to determining that the magnetic field strength meets the threshold field strength, the
processor may initiate the approach sequence.
[0065] In some embodiments, the processor may use some combination of information from the navigation system
and the magnetic field vector and strength during the final approach to the charging station.
[0066] In some embodiments, the processor may use the magnetic field vector and strength to compensate for ambient
conditions such as wind, rain, and other forces that may operate on the UAV to change its position. In some embodiments,
the processor may using the magnetic field vector and strength to maintain a position of the UAV in the X and Y axes,
and may decrease the position of the UAV in the Z axis.
[0067] Again returning to FIGS. 1-4, in determination block 420, the processor may determine whether the UAV is
sufficiently proximate to the charging station to begin charging. In some embodiments, the processor may receive signal
from, for example, a landing contact switch, a weight-on-wheel switch, and/or the like that may indicate that the UAV is
in physical contact with the charging station. In some embodiments, the processor may determine whether a charging
coil (e.g., the charging coil 172) is receiving energy and producing power. In some embodiments, the processor may
determine whether the charging coil is receiving a threshold level of magnetic flux, for example, 40 A/m. The processor
may also use combinations thereof to determine whether the UAV is sufficiently proximate to the charging station to
enable charging to commence.
[0068] In response to determining that the UAV is not sufficiently proximate to the charging station (i.e., determination
block 420 = "No"), the processor may continue to maneuver (or otherwise retry maneuvering) towards the charging
station using the magnetic field vector and strength in block 418.
[0069] In response to determining that the UAV is sufficiently proximate to the charging station to commence charging
(i.e., determination block 420 = "Yes"), the processor may initiate charging of a power storage of the UAV (e.g., the
power storage 170) in block 422.
[0070] The processor may monitor the power storage level, and in determination block 424, the processor may de-
termine whether the power storage is sufficiently charged. For example, the processor may determine whether a power
storage level is greater than or equal to a threshold power storage level. In some embodiments, the processor may
compare the power storage level to an amount of power required to reach a destination, or to travel a certain distance
from the charging station.
[0071] In response to determining that the power storage is not sufficiently charged (i.e., determination block 424 =
"No"), the processor may allow the power storage to continue charging in block 422.
[0072] In response to determining that the power storage is sufficiently charged (i.e., determination block 424 = "Yes"),
the processor may navigate the UAV from the charging station, for example using the magnetic field vector and strength
in block 428. In some embodiments, the processor may use the magnetic field vector and strength to obtain accurate
information while departing the charging station. In some embodiments, the processor may compensate for ambient
conditions (e.g., wind, rain, etc.) using the magnetic field vector and strength.
[0073] FIG. 6 is a process flow diagram illustrating a method 600 navigating a UAV (e.g., 100 in FIG. 1) using a
magnetic field emanating from a charging station according to various embodiments. With reference to FIGS. 1-6, the
method 600 may be implemented by a processor (e.g., the processor 160, the processor 130a, and/or the like) of the
UAV. In the method 600, the processor may perform the operations in blocks 402-428 as described for like numbered
blocks in the method 400.
[0074] In block 602, the processor may detect that there is a specified route for approaching the charging station. For
example, certain approach routes to the charging station may be clear, while others may be obstructed, so certain
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charging stations may have a preferred or a required approach route. In some embodiments, the charging station may
broadcast an indicator (e.g., in a beacon signal) that the UAV may receive when within range of the charging station.
Such a broadcast indicator may inform the UAV of the existence of a specified route for approaching the charging station.
In some embodiments, the UAV processor may be informed by a communications network that a specified route must
be followed when approaching the charging station. In some embodiments, the UAV may detect the existence of the
specified route based on a user input, or from another data source.
[0075] In block 604, the processor may obtain the route information. In some embodiments, the UAV may obtain the
route information from the charging station, such as via signals transmitted in the magnetic field of in another wireless
communication link. In some embodiments, the UAV may obtain the route information from an onboard memory (e.g.,
from stored routing or map information). The UAV may also obtain the route information from the charging station, from
a communications network, from a user input, and/or from another data source (e.g., a remote server).
[0076] In block 606, the processor may use the magnetic field strength and vector and the obtained route information
to follow the specified route for approaching the charging station. By using the magnetic field strength and vector and
the obtained information to follow specified route, the processor may navigate the UAV with much greater accuracy
along the specified route than by using the navigation system such as GPS to follow specified route.
[0077] FIG. 7 is a process flow diagram illustrating a method 700 for navigating a UAV away from a charging station
using the magnetic field strength and vector of the magnetic field emanating from the charging station according to
various embodiments. With reference to FIGS. 1-7, the method 700 may be implemented by a processor (e.g., the
processor 160, the processor 130a, and/or the like) of the UAV. The method 700 illustrates an example of operations
that may be performed in block 428 of the methods 400, 600 as described.
[0078] In some embodiments, certain departure routes from the charging station may be preferred or required to avoid
obstructions, other UAV traffic, and the like. For example, an aerial UAV may be required to follow a certain departure
route from the charging pad to clear the edges of the roof, or to avoid known obstacles around the charging pad. As
another example, a charging station may be close to a wall or window, and the UAV may need to avoid the wall or
window when departing from the charging station. In such cases, the UAV may use the accurate location information
provided by the magnetic field strength and vector of the magnetic field emanating from the charging station to avoid
obstacles and follow the specified route away from the charging station, especially in cases where initial guidance away
from the charging station is critical. For example, the processor may use the magnetic field vector and strength to maintain
a position of an aerial UAV substantially directly over the center of the charging station while ascending. As another
example, the processor may use the magnetic field vector and strength to follow an accurate radial path away from the
charging station.
[0079] In block 702, the processor may detect that a specified route away from the charging station is required or
available. In some embodiments, the charging station may transmit a message to the UAV indicating the existence of
a specified route away from the charging station. In some embodiments, the charging station may transmit the message
using a low power signal intended only for the UAV. The charging station may transmit the low power signal in response
to determining that the UAV is receiving power from the charging station. For example, the charging station may detect
that the UAV is magnetically coupled to the charging station (e.g., via the charging coil of the UAV). In some embodiments,
the UAV may obtain or receive from a communications network an indicator of the existence of a specified departure
route. In some embodiments, the UAV may detect the existence of the specified departure route based on a user input.
Other data sources for the indicator of the specified departure route are also possible.
[0080] In block 704, the processor may obtain the departure route information. In some embodiments, the UAV may
obtain the route information from an onboard memory (e.g., from stored routing or map information). The UAV may also
obtain the route information from the charging station, from a communications network, from a user input, and/or from
another data source.
[0081] In block 706, the processor may initiate a departure (such as an ascent) away from the charging station according
to the obtained the departure route information.
[0082] In block 708, the processor may recalculate the magnetic field vector and strength, and navigate the UAV away
from the charging station along the specified route using the magnetic field vector and strength in block 710. The UAV
may iteratively calculate the magnetic field vector and strength while navigating the UAV away from the charging station
along the specified route, as long as the processor can detect the magnetic field.
[0083] In determination block 712, the processor may determine whether the processor still detects the magnetic field.
[0084] In response to determining that the processor still detects the magnetic field (i.e., determination block 712 =
"Yes"), the processor may continue to recalculate the magnetic field vector and strength in block 708, and navigate the
UAV away from the charging station along the specified route using the magnetic field vector and strength in block 710.
[0085] In response to determining that the processor no longer detects the magnetic field (i.e., determination block
712 = "No"), or determining that the departure route has been completed, the processor may continue flight operations
using convention navigation sources and methods (e.g., GPS) in block 714.
[0086] The various methods enable a processor of the UAV to acquire signal of a magnetic field of the charging station,
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and to use the magnetic field for accurate navigation of the UAV into contact with and/or away from the charging station.
The various methods also enable a processor of the UAV to use the magnetic field of the charging station to enable
coupling with the charging station with a high degree of navigational accuracy.
[0087] Various embodiments illustrated and described are provided merely as examples to illustrate various features
of the claims. However, features shown and described with respect to any given embodiment are not necessarily limited
to the associated embodiment and may be used or combined with other embodiments that are shown and described.
In particular, various embodiments are not limited to use on aerial UAVs and may be implemented on any form of UAV,
including land vehicles, waterborne vehicles and space vehicles in addition to aerial vehicles. Further, the claims are
not intended to be limited by any one example embodiment. For example, one or more of the operations of the methods
400, 600, and 700 may be substituted for or combined with one or more operations of the methods 400, 600, and 700,
and vice versa.
[0088] The foregoing method descriptions and the process flow diagrams are provided merely as illustrative examples
and are not intended to require or imply that the operations of various embodiments must be performed in the order
presented. As will be appreciated by one of skill in the art the order of operations in the foregoing embodiments may be
performed in any order. Words such as "thereafter," "then," "next," etc. are not intended to limit the order of the operations;
these words are used to guide the reader through the description of the methods. Further, any reference to claim elements
in the singular, for example, using the articles "a," "an" or "the" is not to be construed as limiting the element to the singular.
[0089] Various illustrative logical blocks, modules, circuits, and algorithm operations described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer software, or combinations of
both. To clearly illustrate this interchangeability of hardware and software, various illustrative components, blocks, mod-
ules, circuits, and operations have been described above generally in terms of their functionality. Whether such func-
tionality is implemented as hardware or software depends upon the particular application and design constraints imposed
on the overall system. Skilled artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a departure from the scope of the
claims.
[0090] The hardware used to implement various illustrative logics, logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented or performed with a general purpose processor, a
digital signal processor (DSP), an application specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A general-purpose processor may be a microprocessor,
but, in the alternative, the processor may be any conventional processor, controller, microcontroller, or state machine.
A processor may also be implemented as a combination of receiver smart objects, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration. Alternatively, some operations or methods may be performed by circuitry that is specific to a
given function.
[0091] In one or more aspects, the functions described may be implemented in hardware, software, firmware, or any
combination thereof. If implemented in software, the functions may be stored as one or more instructions or code on a
non-transitory computer-readable storage medium or non-transitory processor-readable storage medium. The operations
of a method or algorithm disclosed herein may be embodied in a processor-executable software module or processor-
executable instructions, which may reside on a non-transitory computer-readable or processor-readable storage medium.
Non-transitory computer-readable or processor-readable storage media may be any storage media that may be accessed
by a computer or a processor. By way of example but not limitation, such non-transitory computer-readable or processor-
readable storage media may include RAM, ROM, EEPROM, FLASH memory, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage smart objects, or any other medium that may be used to store desired
program code in the form of instructions or data structures and that may be accessed by a computer. Disk and disc, as
may be used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk, and
Blu-ray disc where disks usually reproduce data magnetically, while discs reproduce data optically with lasers. Combi-
nations of the above are also included within the scope of non-transitory computer-readable and processor-readable
media. Additionally, the operations of a method or algorithm may reside as one or any combination or set of codes and/or
instructions on a non-transitory processor-readable storage medium and/or computer-readable storage medium, which
may be incorporated into a computer program product.

Claims

1. A method (400) of navigating an unmanned aerial vehicle, UAV, comprising:

calculating (406) a magnetic field vector and strength of a magnetic field emanating from a charging station;
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navigating (414) the UAV to the charging station using the calculated magnetic field vector and strength; the
method being further characterised by:

determining (416) whether the UAV is substantially aligned with the charging station; and
maneuvering (418) the UAV to approach the charging station by maintaining the UAV substantially above
the charging station while descending to the charging station using the magnetic field vector and strength
in response to determining that the UAV is substantially aligned with the charging station.

2. The method (400) of claim 1, wherein determining whether the UAV is substantially aligned with the charging station
comprises determining whether the UAV is substantially aligned with a center of the charging station.

3. The method (400) of claim 2, further comprising:

recalculating (412) the magnetic field vector and strength in response to determining that the UAV is not sub-
stantially aligned with the center of the charging station; and
maneuvering the UAV to approach the charging station using the recalculated magnetic field vector and strength.

4. The method (400) of claim 1, wherein maneuvering the UAV to approach the charging station using the magnetic
field vector and strength comprises:
descending (418) the UAV to the charging station while maintaining the UAV substantially above a center of the
charging station using the magnetic field vector and strength.

5. The method (400) of claim 1, further comprising:

determining (420) whether the UAV is sufficiently proximate to the charging station; and
initiating (422) charging of a power storage of the UAV in response to determining that the UAV is sufficiently
proximate to the charging station.

6. The method (400) of claim 1, further comprising:

detecting (404) the magnetic field;
detecting (408) one or more characteristics of the detected magnetic field; and
verifying (410) that the charging station is generating the magnetic field based on the detected one or more
characteristics.

7. The method (400) of claim 1, wherein navigating the UAV to the charging station using the calculated magnetic field
vector and strength comprises:

obtaining (604) route information defining a specified route for approaching the charging station; and
navigating (606) the UAV along the specified route using the route information and the calculated magnetic field
vector and strength.

8. The method (400) of claim 1, further comprising:
navigating (428) the UAV away from the charging station using the magnetic field vector and strength.

9. The method (400) of claim 8, wherein navigating the UAV away from the charging station using the magnetic field
vector and strength comprises:

obtaining route information for a specified route away from the charging station; and
navigating the UAV along the specified route away from the charging station using the route information and
the calculated magnetic field vector and strength.

10. The method (400) of claim 1, wherein calculating the magnetic field vector and strength of the magnetic field ema-
nating from the charging station comprises:

receiving information from a magnetic field sensor comprising a first coil, a second coil, and a third coil, wherein
each coil is oriented orthogonally to the other two coils; and
calculating the magnetic field vector based on the information received from the first coil, the second coil, and
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the third coil.

11. The method (400) of claim 1, wherein calculating (406) the magnetic field vector and strength of the magnetic field
emanating from the charging station comprises:

receiving information from a magnetic field sensor comprising a first coil, a second coil, and a third coil, wherein
at least one of the first coil, the second coil, and the third coil comprises a charging coil of the UAV; and
calculating the magnetic field vector based on the information received from the first coil, the second coil, and
the third coil.

12. The method (400) of claim 1, wherein calculating (406) the magnetic field vector and strength of the magnetic field
emanating from the charging station comprises:

receiving information from a magnetic field sensor comprising a first coil, a second coil, and a third coil, wherein
the first coil, the second coil, and the third coil are oriented substantially in the same plane and wherein each
coil is oriented to detect a first magnetic field component of a first plane and a second magnetic field component
of one of a second plane and a third plane; and
calculating the magnetic field vector based on the information received from the first coil, the second coil, and
the third coil.

13. An unmanned aerial vehicle, UAV, (100) comprising:

a magnetic field sensor (174); and
a processor (160) coupled to the magnetic field sensor (174) and configured with processor-executable instruc-
tions to:

calculate a magnetic field vector and strength of a magnetic field emanating from a charging station;
navigate the UAV to the charging station using the calculated magnetic field vector and strength;
determine whether the UAV is substantially aligned with the charging station; and
maneuver the UAV to approach the charging station by maintaining the UAV substantially above the charging
station while descending to the charging station using the magnetic field vector and strength in response
to determining that the UAV is substantially aligned with the charging station.

14. The UAV (100) of claim 13, wherein the processor (160) is further configured with processor-executable instructions
to determine whether the UAV is substantially aligned with a center of the charging station, wherein the processor
(160) is further configured with processor-executable instructions to:

recalculating the magnetic field vector and strength in response to determining that the UAV is not substantially
aligned with the center of the charging station; and
maneuvering the UAV to approach the charging station using the recalculated magnetic field vector and strength.

15. A non-transitory processor-readable medium having stored thereon processor-executable instructions configured
to cause a processor of an unmanned aerial vehicle, UAV, to perform the method of any one of claims 1 to 12.

Patentansprüche

1. Ein Verfahren (400) zum Navigieren einer Drohne bzw. eines UAV (UAV = unmanned aerial vehicle bzw. unbe-
manntes Luftfahrzeug), das Folgendes aufweist:

Berechnen (406) eines Magnetfeldvektors und einer Stärke eines Magnetfeldes, das von einer Ladestation
ausgeht;
Navigieren (414) des UAV zu der Ladestation unter Verwendung des berechneten Magnetfeldvektors und der
berechneten Magnetfeldstärke; wobei das Verfahren weiter gekennzeichnet ist durch:

Bestimmen (416), ob das UAV im Wesentlichen mit der Ladestation ausgerichtet ist; und
Manövrieren (418) des UAV, so dass es sich der Ladestation annähert, in dem das UAV im Wesentlichen
über der Ladestation gehalten wird, während es zu der Ladestation absinkt bzw. herunterkommt unter



EP 3 482 270 B1

14

5

10

15

20

25

30

35

40

45

50

55

Verwendung des Magnetfeldvektors und der Magnetfeldstärke ansprechend auf Bestimmen, dass das UAV
im Wesentlichen mit der Ladestation ausgerichtet ist.

2. Verfahren (400) nach Anspruch 1, wobei das Bestimmen, ob das UAV im Wesentlichen mit der Ladestation aus-
gerichtet ist, Bestimmen aufweist, ob das UAV im Wesentlichen mit einer Mitte der Ladestation ausgerichtet ist.

3. Verfahren (400) nach Anspruch 2, das weiter Folgendes aufweist:

Neuberechnen (412) des Magnetfeldvektors und der Magnetfeldstärke ansprechend auf Bestimmen, dass das
UAV im Wesentlichen nicht mit der Mitte der Ladestation ausgerichtet ist; und
Manövrieren des UAV, so dass es sich der Ladestation annähert unter Verwendung des neuberechneten Ma-
gnetfeldvektors und der neuberechneten Magnetfeldstärke.

4. Verfahren (400) nach Anspruch 1, wobei das Manövrieren des UAV, so dass es sich der Ladestation unter Verwen-
dung des Magnetfeldvektors und der Magnetfeldstärke annähert, Folgendes aufweist:
Absinken bzw. Herunterkommen (418) des UAV zu der Ladestation, während das UAV im Wesentlichen über einer
Mitte der Ladestation gehalten wird unter Verwendung des Magnetfeldvektors und der Magnetfeldstärke.

5. Verfahren (400) nach Anspruch 1, das weiter Folgendes aufweist:

Bestimmen (420), ob das UAV ausreichend nah zu der Ladestation ist; und
Initiieren (422) des Ladens eines Leistungsspeichers des UAV ansprechend auf Bestimmen, dass das UAV
ausreichend nah zu der Ladestation ist.

6. Verfahren (400) nach Anspruch 1, das weiter Folgendes aufweist:

Detektieren (404) des Magnetfeldes;
Detektieren (408) einer oder mehrerer Charakteristiken des detektierten Magnetfeldes; und
Verifizieren (410), dass die Ladestation das Magnetfeld generiert basierend auf der detektierten einen oder den
detektierten mehreren Charakteristiken.

7. Verfahren (400) nach Anspruch 1, wobei das Navigieren des UAV zu der Ladestation unter Verwendung des be-
rechneten Magnetfeldvektors und der berechneten Magnetfeldstärke Folgendes aufweist:

Erlangen (604) von Routeninformation, die eine spezifizierte Route zum Annähern an die Ladestation definiert;
und
Navigieren (606) des UAV entlang der spezifizierten Route unter Verwendung der Routeninformation und des
berechneten Magnetfeldvektors und der berechneten Magnetfeldstärke.

8. Verfahren (400) nach Anspruch 1, das weiter Folgendes aufweist:
Navigieren (428) des UAV weg von der Ladestation unter Verwendung des Magnetfeldvektors und der Magnetfeld-
stärke.

9. Verfahren (400) nach Anspruch 8, wobei das Navigieren des UAV weg von der Ladestation unter Verwendung des
Magnetfeldvektors und der Magnetfeldstärke Folgendes aufweist:

Erlangen von Routeninformation für eine spezifizierte Route weg von der Ladestation; und
Navigieren des UAV entlang der spezifizierten Route weg von der Ladestation unter Verwendung der Routen-
information und des berechneten Magnetfeldvektors und der berechneten Magnetfeldstärke.

10. Verfahren (400) nach Anspruch 1, wobei das Berechnen des Magnetfeldvektors und der Stärke des Magnetfeldes,
das von der Ladestation ausgeht, Folgendes aufweist:

Empfangen von Information von einem Magnetfeldsensor, der eine erste Spule, eine zweite Spule und eine
dritte Spule aufweist, wobei jede Spule orthogonal zu den anderen zwei Spulen ausgerichtet ist; und
Berechnen des Magnetfeldvektors basierend auf der Information, die von der ersten Spule, der zweiten Spule
und der dritten Spule empfangen wird.
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11. Verfahren (400) nach Anspruch 1, wobei das Berechnen (406) des Magnetfeldvektors und der Stärke des Magnet-
feldes, das von der Ladestation ausgeht, Folgendes aufweist:

Empfangen von Information von einem Magnetfeldsensor, der eine erste Spule, eine zweite Spule und eine
dritte Spule aufweist, wobei wenigstens eine von der ersten Spule, der zweiten Spule und der dritten Spule
eine Ladespule des UAV aufweist; und
Berechnen des Magnetfeldvektors basierend auf der Information, die von der ersten Spule, der zweiten Spule
und der dritten Spule empfangen wird.

12. Verfahren (400) nach Anspruch 1, wobei das Berechnen (406) des Magnetfeldvektors und der Stärke des Magnet-
feldes, das von der Ladestation ausgeht, Folgendes aufweist:

Empfangen von Information von einem Magnetfeldsensor, der eine erste Spule, eine zweite Spule oder dritte
Spule aufweist, wobei die erste Spule, die zweite Spule und die dritte Spule im Wesentlichen in einer gleichen
Ebene ausgerichtet sind und wobei jede Spule ausgerichtet ist um eine erste Magnetfeldkomponente einer
ersten Ebene und eine zweite Magnetfeldkomponente einer zweiten Ebene und einer dritten Ebene zu detek-
tieren; und
Berechnen des Magnetfeldvektors basierend auf der Information, die von der ersten Spule, der zweiten Spule
und der dritten Spule empfangen wird.

13. Eine Drohne bzw. ein UAV (UAV = unmanned aerial vehicle bzw. unbemanntes Luftfahrzeug) (100), die bzw. das
Folgendes aufweist:

einen Magnetfeldsensor (174); und
einen Prozessor (160), der an den Magnetfeldsensor (174) gekoppelt ist und mit von einem Prozessor ausführ-
baren Instruktionen konfiguriert ist zum:

Berechnen eines Magnetfeldvektors und einer Stärke eines Magnetfeldes, das von einer Ladestation aus-
geht;
Navigieren des UAV zu der Ladestation unter Verwendung des berechneten Magnetfeldvektors und der
berechneten Magnetfeldstärke;
Bestimmen, ob das UAV im Wesentlichen mit der Ladestation ausgerichtet ist; und
Manövrieren des UAV, so dass es sich der Ladestation annähert durch Halten des UAV im Wesentlichen
über der Ladestation, während es zu der Ladestation absinkt bzw. herunterkommt unter Verwendung des
Magnetfeldvektors und der Magnetfeldstärke ansprechend auf Bestimmen, dass das UAV im Wesentlichen
mit der Ladestation ausgerichtet ist.

14. UAV (100) nach Anspruch 13, wobei der Prozessor (160) weiter mit von einem Prozessor ausführbaren Instruktionen
konfiguriert ist zum Bestimmen, ob das UAV im Wesentlichen mit einer Mitte der Ladestation ausgerichtet ist, wobei
der Prozessor (160) weiter mit von einem Prozessor ausführbaren Instruktionen konfiguriert ist zum:

Neuberechnen des Magnetfeldvektors und der Magnetfeldstärke ansprechend auf Bestimmen, dass das UAV
im Wesentlichen nicht mit der Mitte der Ladestation ausgerichtet ist; und
Manövrieren des UAV, so dass es sich der Ladestation annähert, unter Verwendung des neuberechneten
Magnetfeldvektors und der neuberechneten Magnetfeldstärke.

15. Ein nicht transitorisches prozessorlesbares Medium mit darauf gespeicherten von einem Prozessor ausführbaren
Instruktionen, die konfiguriert sind einen Prozessor einer Drohne bzw. eines UAV (UAV = unmanned aerial vehicle
bzw. unbemanntes Luftfahrzeug) zu veranlassen das Verfahren nach einem der Ansprüche 1 bis 12 durchzuführen.

Revendications

1. Procédé (400) de navigation d’un véhicule aérien sans pilote, UAV, comprenant les étapes suivantes :

le calcul (406) de vecteur et intensité de champ magnétique d’un champ magnétique émanant d’une station de
charge ;
la navigation (414) de l’UAV jusqu’à la station de charge en utilisant les vecteur et intensité de champ magnétique
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calculés ;
le procédé étant caractérisé en outre par les étapes suivantes :

la détermination (416) de si l’UAV est sensiblement aligné avec la station de charge ; et
la manœuvre (418) de l’UAV pour approcher la station de charge tout en maintenant l’UAV sensiblement
au-dessus de la station de charge tout en descendant vers la station de charge en utilisant les vecteur et
intensité de champ magnétique en réponse à la détermination que l’UAV est sensiblement aligné avec la
station de charge.

2. Procédé (400) selon la revendication 1, dans lequel la détermination de si l’UAV est sensiblement aligné avec la
station de charge comprend la détermination de si l’UAV est sensiblement aligné avec un centre de la station de
charge.

3. Procédé (400) selon la revendication 2, comprenant en outre les étapes suivantes :

le recalcul (412) des vecteur et intensité de champ magnétique en réponse à la détermination que l’UAV n’est
pas sensiblement aligné avec le centre de la station de charge ; et
la manœuvre de l’UAV pour approcher la station de charge en utilisant les vecteur et intensité de champ
magnétique recalculés.

4. Procédé (400) selon la revendication 1, dans lequel la manœuvre de l’UAV pour approcher la station de charge en
utilisant les vecteur et intensité de champ magnétique comprend l’étape suivante :
la descente (418) de l’UAV vers la station de charge tout en maintenant l’UAV sensiblement au-dessus d’un centre
de la station de charge en utilisant les vecteur et intensité de champ magnétique.

5. Procédé (400) selon la revendication 1, comprenant en outre les étapes suivantes :

la détermination (420) de si l’UAV est suffisamment proche de la station de charge ; et
le déclenchement (422) de la charge d’un stockage d’énergie de l’UAV en réponse à la détermination que l’UAV
est suffisamment proche de la station de charge.

6. Procédé (400) selon la revendication 1, comprenant en outre les étapes suivantes :

la détection (404) du champ magnétique ;
la détection (408) d’une ou de plusieurs caractéristiques du champ magnétique détecté ; et
la vérification (410) que la station de charge génère le champ magnétique sur la base desdites une ou plusieurs
caractéristiques détectées.

7. Procédé (400) selon la revendication 1, dans lequel la navigation de l’UAV vers la station de charge en utilisant les
vecteur et intensité de champ magnétique calculés comprend les étapes suivantes :

l’obtention (604) d’informations d’itinéraire définissant un itinéraire spécifié pour approcher la station de charge ;
et
la navigation (606) de l’UAV le long de l’itinéraire spécifié en utilisant les informations d’itinéraire et les vecteur
et intensité de champ magnétique calculés.

8. Procédé (400) selon la revendication 1, comprenant en outre l’étape suivante :
la navigation (428) de l’UAV loin de la station de charge en utilisant les vecteur et intensité de champ magnétique.

9. Procédé (400) selon la revendication 8, dans lequel la navigation de l’UAV loin de la station de charge en utilisant
les vecteur et intensité de champ magnétique comprend les étapes suivantes :

l’obtention d’informations d’itinéraire pour un itinéraire spécifié s’éloignant de la station de charge ; et
la navigation de l’UAV le long de l’itinéraire spécifié s’éloignant de la station de charge en utilisant les informations
d’itinéraire et les vecteur et intensité de champ magnétique calculés.

10. Procédé (400) selon la revendication 1, dans lequel le calcul des vecteur et intensité de champ magnétique de
champ magnétique émanant de la station de charge comprend :
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la réception d’informations à partir d’un capteur de champ magnétique comprenant une première bobine, une
deuxième bobine, et une troisième bobine, dans lequel chaque bobine est orientée orthogonalement par rapport
aux deux autres bobines ; et
le calcul du vecteur de champ magnétique sur la base des informations reçues en provenance de la première
bobine, de la deuxième bobine, et de la troisième bobine.

11. Procédé (400) selon la revendication 1, dans lequel le calcul (406) des vecteur et intensité de champ magnétique
d’un champ magnétique émanant d’une station de charge comprend les étapes suivantes :

la réception d’informations à partir d’un capteur de champ magnétique comprenant une première bobine, une
deuxième bobine, et une troisième bobine, dans lequel au moins une bobine parmi la première bobine, la
deuxième bobine, et la troisième bobine comprend une bobine de charge de l’UAV; et
le calcul du vecteur de champ magnétique sur la base des informations reçues en provenance de la première
bobine, de la deuxième bobine, et de la troisième bobine.

12. Procédé (400) selon la revendication 1, dans lequel le calcul (406) des vecteur et intensité de champ magnétique
de champ magnétique émanant de la station de charge comprend les étapes suivantes :

la réception d’informations à partir d’un capteur de champ magnétique comprenant une première bobine, une
deuxième bobine, et une troisième bobine, dans lequel la première bobine, la deuxième bobine, et la troisième
bobine sont orientées sensiblement selon le même plan et dans lequel chaque bobine est orientée pour détecter
une première composante de champ magnétique d’un premier plan et une deuxième composante de champ
magnétique d’un plan parmi un deuxième plan et un troisième plan ; et
le calcul du vecteur de champ magnétique sur la base des informations reçues en provenance de la première
bobine, de la deuxième bobine, et de la troisième bobine.

13. Véhicule aérien sans pilote, UAV, (100) comprenant :

un capteur de champ magnétique (174) ; et
un processeur (160) couplé au capteur de champ magnétique (174) et configuré avec des instructions exécu-
tables par le processeur pour :

calculer des vecteur et intensité de champ magnétique d’un champ magnétique émanant d’une station de
charge ;
faire naviguer l’UAV jusqu’à la station de charge en utilisant les vecteur et intensité de champ magnétique
calculés ;
déterminer si l’UAV est sensiblement aligné avec la station de charge ; et
manœuvrer l’UAV pour approcher la station de charge tout en maintenant l’UAV sensiblement au-dessus
de la station de charge tout en descendant vers la station de charge en utilisant les vecteur et intensité de
champ magnétique en réponse à la détermination que l’UAV est sensiblement aligné avec la station de
charge.

14. UAV (100) selon la revendication 13, dans lequel le processeur (160) est en outre configuré avec des instructions
exécutables par le processeur pour déterminer si l’UAV est sensiblement aligné avec un centre de la station de
charge, dans lequel le processeur (160) est en outre configuré avec des instructions exécutables par le processeur
pour :

recalculer les vecteur et intensité de champ magnétique en réponse à la détermination que l’UAV n’est pas
sensiblement aligné avec le centre de la station de charge ; et
manœuvrer l’UAV pour approcher la station de charge en utilisant les vecteur et intensité de champ magnétique
recalculés.

15. Support lisible par processeur non transitoire ayant stocké en lui des instructions exécutables par processeur con-
figurées pour forcer un processeur d’un véhicule aérien sans pilote, UAV, à mettre en œuvre le procédé selon l’une
quelconque des revendications 1 à 12.



EP 3 482 270 B1

18



EP 3 482 270 B1

19



EP 3 482 270 B1

20



EP 3 482 270 B1

21



EP 3 482 270 B1

22



EP 3 482 270 B1

23



EP 3 482 270 B1

24



EP 3 482 270 B1

25

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 2829937 A1 [0003]


	bibliography
	description
	claims
	drawings
	cited references

