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WIRELESS POWER ANTENNA ALIGNMENT
ADJUSTMENT SYSTEM FOR VEHICLES

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

[0001] This application claims priority under 35 U.S.C.
§119(e) to:
[0002] U.S. Provisional Patent Application 61/322,196

entitled “WIRELESS POWER TRANSMISSION IN
ELECTRIC VEHICLES BACKGROUND” filed on Apr.
8, 2010, the disclosure of which is hereby incorporated by
reference in its entirety;

[0003] U.S. Provisional Patent Application 61/322,214
entitled “WIRELESS POWER ANTENNA ALIGN-
MENTADJUSTMENT SYSTEM FOR VEHICLES” filed
on Apr. 8, 2010, the disclosure of which is hereby incor-
porated by reference in its entirety; and

[0004] U.S. Provisional Patent Application 61/322,221
entitled “VEHICLE GUIDANCE SYSTEM FOR WIRE-
LESS POWER BACKGROUND?” filed on Apr. 8, 2010,
the disclosure of which is hereby incorporated by reference
in its entirety.

REFERENCE TO CO-PENDING APPLICATION
FOR PATENT

[0005] This application is also related to the following
applications, which are assigned to the assignee hereof and
filed on even date herewith, the disclosures of which are
incorporated herein in their entirety by reference:

[0006] U.S. Patent Application (Attorney Docket 101328)
entitled “WIRELESS POWER TRANSMISSION IN
ELECTRIC VEHICLES” filed on Apr. 8, 2011, the disclo-
sure of which is hereby incorporated by reference in its
entirety.

BACKGROUND

[0007] 1. Field

[0008] The present invention relates generally to wireless
power transfer, and more specifically to devices, systems, and
methods related to wireless power transfer to vehicles includ-
ing batteries.

[0009] 2. Background

[0010] Approaches are being developed that use over-the-
air or wireless power transmission between a transmitter and
areceiver coupled to the electronic device to be charged. Such
approaches generally fall into two categories. One is based on
the coupling of plane wave radiation (also called far-field
radiation) between a transmit antenna and a receive antenna
on the device to be charged. The receive antenna collects the
radiated power and rectifies it for charging the battery. This
approach suffers from the fact that the power coupling falls
off quickly with distance between the antennas, so charging
over reasonable distances (e.g., less than 1 to 2 meters)
becomes difficult. Additionally, since the transmitting system
radiates plane waves, unintentional radiation can interfere
with other systems if not properly controlled through filter-
ing.

[0011] Other approaches to wireless energy transmission
techniques are based on inductive coupling between a trans-
mit antenna embedded, for example, in a “charging” mat or
surface and a receive antenna (plus a rectifying circuit)
embedded in the electronic device to be charged. This
approach has the disadvantage that the spacing between trans-
mit and receive antennas must be very close (e.g., within

Oct. 20, 2011

millimeters). Though this approach does have the capability
to simultaneously charge multiple devices in the same area,
this area is typically very small and requires the user to
accurately locate the devices to a specific area.

[0012] Recently, vehicles have been introduced that
include locomotion power from electricity and batteries to
provide that electricity. Hybrid electric vehicles include on-
board chargers that use power from vehicle braking and tra-
ditional motors to charge the vehicles. Vehicles that are solely
electric must receive the electricity for charging the batteries
from other sources. These electric vehicles are conventionally
proposed to be charged through some type of wired alternat-
ing current (AC) such as household or commercial AC supply
sources.

[0013] Efficiency is of importance in a wireless power
transfer system due to the losses occurring in the course of
wireless transmission of power. Since wireless power trans-
mission is often less efficient than wired transfer, efficiency is
of'an even greater concern in a wireless power transfer envi-
ronment. As a result, there is a need for methods and appara-
tuses that provide wireless power to electric vehicles.

[0014] A wireless charging system for electric vehicles
may require transmit and receive antennas to be aligned
within a certain degree. Adequate alignment of transmit and
receive antennas within an electric vehicle wireless charging
system may require proper positioning of an electric vehicle
within a parking space, as well as fine tuning of antenna
locations after the electric vehicle has been positioned within
the parking space. There is a need for systems, devices, and
methods related to an electric vehicle guidance system. More-
over, a need exists for devices, systems, and methods for fine
alignment of antennas within an electric vehicle wireless
charging system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a hierarchical diagram illustrating how a
wireless charging system can be used with a variety of
replaceable batteries, each of which may be used in a variety
of battery electric vehicles (BEV).

[0016] FIG. 2 illustrates a wireless charging system for
BEVs equipped with a wireless receiver while the BEV is
parked near a wireless transmitter.

[0017] FIG. 3 is a simplified block diagram of a wireless
power charging system for a BEV.

[0018] FIG. 4isamore detailed block diagram of a wireless
power charging system for a BEV illustrating communication
links, guidance links, and alignment systems for the transmit
antenna and receive antenna.

[0019] FIG. 5 illustrates portions of a distribution system
for low voltage power line communications that may be used
in some embodiments of the invention.

[0020] FIG. 6 shows a typical charging process of'a Li-Ion
battery which may be representative for charging a battery
that may be used in a BEV.

[0021] FIG. 7 illustrates examples of charging times for a
battery that may be used in a BEV.

[0022] FIG. 8 illustrates a frequency spectrum showing
various frequencies that may be available for wireless charg-
ing of BEVs.

[0023] FIG. 9 illustrates some possible frequencies and
transmission distances that may be useful in wireless charg-
ing of BEVs.
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[0024] FIG. 10 illustrates transmit and receive loop anten-
nas showing magnetic field strength relative to radius of the
antennas.

[0025] FIGS. 11A and 11B illustrate magnetic fields
around a loop antenna and accompanying ferrite backing.
[0026] FIG. 12 is a graph illustrating possible inductance
values for various thicknesses of a ferrite backing as part of a
wireless power antenna.

[0027] FIG. 13 is a graph illustrating possible ferrite loss
values for various thicknesses of a ferrite backing as part of a
wireless power antenna.

[0028] FIG. 14 shows a simplified diagram of a replaceable
contactless battery disposed in a BEV.

[0029] FIGS. 15A-15D are more detailed diagrams of a
wireless power antenna and ferrite material placement rela-
tive to a battery.

[0030] FIG. 16 is a simplified block diagram of portions of
a battery system in a BEV equipped to wirelessly receive or
transmit power.

[0031] FIG. 17 illustrates a parking lot comprising a plu-
rality of parking spaces and a charging base positioned within
each parking space, in accordance with an embodiment of the
present invention.

[0032] FIG. 18 illustrates a pair of tire stops positioned
within a parking space having a charging base positioned
therein.

[0033] FIG. 19 illustrates a BEV approaching a charging
spot by using a guidance system, in accordance with an exem-
plary embodiment of the present invention.

[0034] FIG. 20 depicts a block diagram of a portion of a
guidance system, in accordance with an exemplary embodi-
ment of the present invention.

[0035] FIG. 21 illustrates a receive antenna, according to an
exemplary embodiment of the present invention.

[0036] FIG. 22 depicts another receive antenna, according
to an exemplary embodiment of the present invention.
[0037] FIG. 23 depicts a magnetic field generated by a
transmit antenna of a charging base, in accordance with an
exemplary embodiment of the present invention.

[0038] FIG. 24 illustrates a side-view of a receive antenna
and a charging base emitting a magnetic field, according to an
exemplary embodiment of the present invention.

[0039] FIG. 25 illustrates a top-down view of a receive
antenna positioned within a magnetic field, according to an
exemplary embodiment of the present invention.

[0040] FIG. 26 illustrates four ultra wide band transponders
for use within a triangulation process, according to an exem-
plary embodiment of the present invention.

[0041] FIG. 27 is a flowchart illustrating a method, in
accordance with an exemplary embodiment of the present
invention.

[0042] FIG. 28A illustrates various obstructions that may
be encountered by a vehicle, which may require chassis clear-
ance.

[0043] FIGS. 28B and 28C illustrate a wireless power
antenna located within a cavity of the underside of the chassis
of a vehicle according to an exemplary embodiment of the
present invention.

[0044] FIG. 29A illustrates a tool which may be used to
drill a hole in the ground, in which a charging base may be at
least partially embedded according to an exemplary embodi-
ment of the present invention.
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[0045] FIG. 29B illustrates several variants of embedding a
charging base according to exemplary embodiments of the
present invention.

[0046] FIG. 29C illustrates a charging base located fully
below the surface of the ground according to an exemplary
embodiment of the present invention.

[0047] FIG. 29D illustrates a cover with collar positioned
over a charging base according to an exemplary embodiment
of the present invention.

[0048] FIG. 30A-30C illustrate a vehicle including a wire-
less power antenna positioned over a charging base including
a wireless power antenna according to an exemplary embodi-
ment of the present invention.

[0049] FIGS. 31A-31G illustrate several variants for fine
alignment adjustment according to various exemplary
embodiments of the present invention.

[0050] FIG. 32 illustrates possible locations in the X andY
direction that a mechanical device may adjust the position of
a wireless power antenna according to an exemplary embodi-
ment of the present invention.

[0051] FIG. 33 illustrates a mechanical solution for a wire-
less power antenna that is located within a cavity of the
underside of a vehicle according to an exemplary embodi-
ment of the present invention.

[0052] FIG. 34 illustrates another mechanical solution in
which the wireless power antenna may be repositioned by a
gear shaft operably coupled to a drive mechanism according
to an exemplary embodiment of the present invention.
[0053] FIG. 35A illustrates a charging base 3520 experi-
encing heavy loading from the weight of a vehicle.

[0054] FIGS. 35B and 35C illustrate a charging base
including a reinforced cover according to an exemplary
embodiment of the present invention.

[0055] FIGS. 36A-36D illustrate a vehicle including a
wireless power battery unit and the wireless power antenna
configured to be repositioned in the X, Y, and Z directions in
various combinations according to an exemplary embodi-
ment of the present invention.

[0056] FIG.37A-37B illustrate a fine alignment adjustment
system for a wireless power charging system for a vehicle
according to an alternative exemplary embodiment of the
present invention.

DETAILED DESCRIPTION

[0057] The detailed description set forth below in connec-
tion with the appended drawings is intended as a description
of'exemplary embodiments of the present invention and is not
intended to represent the only embodiments in which the
present invention can be practiced. The term “exemplary”
used throughout this description means “serving as an
example, instance, or illustration,” and should not necessarily
be construed as preferred or advantageous over other exem-
plary embodiments. The detailed description includes spe-
cific details for the purpose of providing a thorough under-
standing of the exemplary embodiments of the invention. It
will be apparent to those skilled in the art that the exemplary
embodiments of the invention may be practiced without these
specific details. In some instances, well-known structures and
devices are shown in block diagram form in order to avoid
obscuring the novelty of the exemplary embodiments pre-
sented herein.

[0058] The term “wireless power” is used herein to mean
any form of energy associated with electric fields, magnetic
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fields, electromagnetic fields, or otherwise that is transmitted
from a transmitter to a receiver without the use of physical
electromagnetic conductors.

[0059] Moreover, the term “wireless charging” is used
herein to mean providing wireless power to one or more
electrochemical cells or systems including electrochemical
cells for the purpose of recharging the electrochemical cells.
[0060] The term “battery electric vehicle” (BEV) is used
herein to mean a vehicle that includes, as part of its locomo-
tion abilities, electrical power derived from one or more
rechargeable electrochemical cells. As non-limiting
examples, some BEVs may be hybrid electric vehicles that
include on-board chargers that use power from vehicle decel-
eration and traditional motors to charge the vehicles, other
BEVs may draw all locomotion ability from electrical power.
[0061] Exemplary embodiments of the invention include
methods and apparatuses that provide wireless power to elec-
tric vehicles.

[0062] FIG. 1 is a hierarchical diagram illustrating how a
wireless charging system can be used with a variety of
replaceable batteries, each of which may be used in a variety
of battery electric vehicles. Starting at the top, there may be
many different models of BEVs. However, groups of vehicle
models may be adapted to use only a limited number of
replaceable battery units, such as Electric Vehicle (EV) bat-
tery type A, EV battery type B, and EV battery type C. As
non-limiting examples, these different battery types may be
configured based on needed capacity of the batteries, space
required for the batteries, form factor for the batteries, size of
wireless power antennas, and form factor for wireless power
antennas. With the battery types limited, particularly, the size,
placement, and form factor of the wireless antennas, a single
wireless power delivery solution can be provided that will
provide near-field wireless coupling to the various battery
types.

[0063] A battery integrated solution may ease adoption of
wireless charging by EV manufacturers as this solution will
have only minor impact on the electrical and mechanical
design of an EV. Once widely accepted and standardized,
only a relatively small number of EV battery types will need
to be in circulation. Limiting the battery types will simplify
customization of a wireless BEV charging solution as the
number of battery types will be much smaller than the number
of EV models that will be introduced into the market in the
future.

[0064] Furthermore, limited battery types may enable an
existing EV model to be retrofitted for wireless charging. This
retrofitting could be simply performed by replacing a conven-
tional battery in an EV with a new battery that integrates
wireless charging and that behaves as the original battery at
all its other interfaces. In addition, wireless power battery
types may be configured with a wireless and contactless
charging interface to the rest of the vehicles allowing for easy
battery swapping and non-contact recharging of batteries,
which may include some advantages in regards to reliability,
mechanical wear out and safety.

[0065] FIG. 2 illustrates a wireless charging system for
wireless charging enabled BEVs 102 while the BEV is parked
near a wireless charging base (CB) 104. Two vehicles 102 are
illustrated in a parking area 106 and parked over correspond-
ing CBs 104. A local distribution center 108 is connected to a
power backbone and is configured to provide an Alternating
Current (AC) or a Direct Current (DC) supply to power con-
version systems 112 as part of the CBs 104. The CBs 104 also
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include wireless power antennas 114 for generating or pick-
ing-up a near-field radiation. Each vehicle includes batteries,
a BEV power conversion and charging system 116 and a
wireless power antenna 118 interacting with the CB antenna
114 via the near-field. In some exemplary embodiments the
BEV antenna 118 may be aligned with the CB antenna 114
and, therefore, disposed within the near-field region simply
by the driver positioning the vehicle correctly relative to the
CB antenna 114. In other exemplary embodiments, the driver
may be given visual feedback, auditory feedback, or combi-
nations thereof to determine when the vehicle is properly
placed for wireless power transfer. In yet other exemplary
embodiments, the vehicle may be positioned by an autopilot
system, which may move the vehicle back and forth (e.g., in
zig-zag movements) until an alignment error has reached a
tolerable value. This may be performed automatically and
autonomously by the vehicle without or with only minimal
driver intervention provided that the vehicle is equipped with
a servo steering wheel, ultrasonic sensors all around and
artificial intelligence. In still other exemplary embodiments,
the BEV antenna 118, the CB antenna 114, or a combination
thereof may include means for displacing and moving the
antennas relative to each other to more accurately orient them
and develop a more optimum near-field coupling therebe-
tween.

[0066] The CBs 104 may be located in a variety of loca-
tions. As non-limiting examples, some suitable locations are
a parking area at a home of the vehicle owner, parking areas
reserved for BEV wireless charging modeled after conven-
tional petroleum-based filling stations, and parking lots at
other locations such as shopping centers and places of
employment.

[0067] These BEV charging stations may provide numer-
ous benefits, such as, for example:

[0068] Convenience: charging can be performed automati-
cally virtually without driver intervention and manipulations.
[0069] Reliability: there may be no exposed electrical con-
tacts and no mechanical wear out.

[0070] Safety: manipulations with cables and connectors
may not be needed, and there may be no cables, plugs, or
sockets that may be exposed to moisture and water in an
outdoor environment.

[0071] Vandalism resistant: There may be no sockets,
cables, and plugs visible nor accessible.

[0072] Availability: if BEVs will be used as distributed
storage devices to stabilize the grid. Availability can be
increased with a convenient docking-to-grid solution
enabling Vehicle to Grid (V2G) capability.

[0073] Esthetical and non-impedimental: There may be no
column loads and cables that may be impedimental for
vehicles and/or pedestrians.

[0074] As a further explanation of the V2G capability, the
wireless power transmit and receive capabilities can be con-
figured as reciprocal such that the CB 104 transfers power to
the BEV 102 and the BEV transters power to the CB 104. This
capability may be useful for power distribution stability by
allowing BEVs to contribute power to the overall distribution
system in a similar fashion to how solar-cell power systems
may be connected to the power grid and supply excess power
to the power grid.

[0075] FIG. 3 is a simplified block diagram of a wireless
power charging system for a BEV. Exemplary embodiments
described herein use capacitively loaded wire loops (i.e.,
multi-turn coils) forming a resonant structure that is capable
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to efficiently couple energy from a primary structure (trans-
mitter) to a secondary structure (receiver) via the magnetic
near field if both primary and secondary are tuned to a com-
mon resonance frequency. The method is also known as
“magnetic coupled resonance” and “resonant induction.”
[0076] To enable wireless high power transfer, some exem-
plary embodiments may use a frequency in the range from
20-60 kHz. This low frequency coupling may allow highly
efficient power conversion that can be achieved using state-
of-the-art solid state devices. In addition, there may be less
coexistence issues with radio systems compared to other
bands.

[0077] InFIG. 3, a conventional power supply 132, which
may be AC or DC, supplies power to the CB power conversion
module 134 assuming energy transfer towards vehicle. The
CB power conversion module 134 drives the CB antenna 136
to emit a desired frequency signal. If the CB antenna 136 and
BEV antenna 138 are tuned to substantially the same frequen-
cies and are close enough to be within the near-field radiation
from the transmit antenna, the CB antenna 136 and BEV
antenna 138 couple such that power may be transferred to the
BEV antenna 138 and extracted in the BEV power conversion
module 140. The BEV power conversion module 140 may
then charge the BEV batteries 142. The power supply 132,CB
power conversion module 134, and CB antenna 136 make up
the infrastructure part 144 of an overall wireless power sys-
tem 130, which may be stationary and located at a variety of
locations as discussed above. The BEV battery 142, BEV
power conversion module 140, and BEV antenna 138 make
up a wireless power subsystem 146 that is part of the vehicle
or part of the battery pack.

[0078] In operation, assuming energy transfer towards the
vehicle or battery, input power is provided from the power
supply 132 such that the CB antenna 136 generates a radiated
field for providing the energy transfer. The BEV antenna 138
couples to the radiated field and generates output power for
storing or consumption by the vehicle. In exemplary embodi-
ments, the CB antenna 136 and BEV antenna 138 are config-
ured according to a mutual resonant relationship and when
the resonant frequency of the BEV antenna 138 and the reso-
nant frequency of the CB antenna 136 are very close, trans-
mission losses between the CB and BEV wireless power
subsystems are minimal when the BEV antenna 138 is
located in the “near-field” of the CB antenna 136.

[0079] As stated, an efficient energy transfer occurs by
coupling a large portion of the energy in the near-field of a
transmitting antenna to a receiving antenna rather than propa-
gating most of the energy in an electromagnetic wave to the
far field. When in this near-field a coupling mode may be
developed between the transmit antenna and the receive
antenna. The area around the antennas where this near-field
coupling may occur is referred to herein as a near field cou-
pling-mode region.

[0080] TheCB and the BEV power conversion module may
both include an oscillator, a power amplifier, a filter, and a
matching circuit for efficient coupling with the wireless
power antenna. The oscillator is configured to generate a
desired frequency, which may be adjusted in response to an
adjustment signal. The oscillator signal may be amplified by
the power amplifier with an amplification amount responsive
to control signals. The filter and matching circuit may be
included to filter out harmonics or other unwanted frequen-
cies and match the impedance of the power conversion mod-
ule to the wireless power antenna.
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[0081] The CB and BEV power conversion module may
also include, a rectifier, and switching circuitry to generate a
suitable power output to charge the battery.

[0082] BEV and CB antennas used in exemplary embodi-
ments may be configured as “loop” antennas, and more spe-
cifically, multi-turn loop antennas, which may also be
referred to herein as a “magnetic” antenna. Loop (e.g., multi-
turn loop) antennas may be configured to include an air core
or a physical core such as a ferrite core. An air core loop
antenna may allow the placement of other components within
the core area. Physical core antennas may allow development
of a stronger electromagnetic field.

[0083] As stated, efficient transfer of energy between a
transmitter and receiver occurs during matched or nearly
matched resonance between a transmitter and a receiver.
However, even when resonance between a transmitter and
receiver are not matched, energy may be transferred at a lower
efficiency. Transfer of energy occurs by coupling energy from
the near-field of the transmitting antenna to the receiving
antenna residing in the neighborhood where this near-field is
established rather than propagating the energy from the trans-
mitting antenna into free space.

[0084] The resonant frequency of the loop antennas is
based on the inductance and capacitance. Inductance in a loop
antenna is generally simply the inductance created by the
loop, whereas, capacitance is generally added to the loop
antenna’s inductance to create a resonant structure at a
desired resonant frequency. As a non-limiting example, a
capacitor may be added in series with the antenna to create a
resonant circuit that generates a magnetic field. Accordingly,
for larger diameter loop antennas, the size of capacitance
needed to induce resonance decreases as the diameter or
inductance of the loop increases. It is further noted that induc-
tance may also depend on a number of turns of a loop antenna.
Furthermore, as the diameter of the loop antenna increases,
the efficient energy transfer area of the near-field increases.
Of course, other resonant circuits are possible. As another
non-limiting example, a capacitor may be placed in parallel
between the two terminals of the loop antenna (i.e., parallel
resonant circuit).

[0085] Exemplary embodiments of the invention include
coupling power between two antennas that are in the near-
fields of each other. As stated, the near-field is an area around
the antenna in which electromagnetic fields (also referred to
herein as near field radiation) exist but may not propagate or
radiate away from the antenna. Near-field coupling-mode
regions are typically confined to a volume that is near the
physical volume of the antenna e.g. within a radius of one
sixth of the wavelength. In the exemplary embodiments of the
invention, magnetic type antennas such as single and multi-
turn loop antennas are used for both transmitting and receiv-
ing since magnetic near-field amplitudes in practical embodi-
ments tend to be higher for magnetic type antennas in
comparison to the electric near-fields of an electric-type
antenna (e.g., a small dipole). This allows for potentially
higher coupling between the pair. Another reason for relying
on a substantially magnetic field is its low interaction with
non-conductive dielectric materials in the environment and
the safety issue. Electric antennas for wireless high power
transmission may involve extremely high voltages. Further-
more, “electric” antennas (e.g., dipoles and monopoles) or a
combination of magnetic and electric antennas is also con-
templated.
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[0086] FIG. 4 is a more detailed block diagram of a generic
wireless power charging system 150 for a BEV illustrating
communication links 152, guidance links 154, and alignment
systems 156 for the CB antenna 158 and BEV antenna 160.
As with the exemplary embodiment of FIG. 3 and assuming
energy flow towards BEV, in FIG. 4 the CB power conversion
unit 162 receives AC or DC power from the CB power inter-
face 164 and excites the CB antenna 158 at or near its resonant
frequency. The BEV antenna 160, when in the near field
coupling-mode region, receives energy from the near field
coupling mode region to oscillate at or near the resonant
frequency. The BEV power conversion unit 166 converts the
oscillating signal from the receive antenna 160 to a power
signal suitable for charging the battery.

[0087] The generic system may also include a CB commu-
nication unit 168 and a BEV communication unit 170, respec-
tively. The CB communication unit 168 may include a com-
munication interface to other systems (not shown) such as, for
example, a computer, and a power distribution center. The
BEV communication unit 170 may include a communication
interface to other systems (not shown) such as, for example,
an on-board computer on the vehicle, other battery charging
controller, other electronic systems within the vehicles, and
remote electronic systems.

[0088] The CB and BEV communication units may include
subsystems or functions for specific application with separate
communication channels therefore. These communications
channels may be separate physical channels or just separate
logical channels. As non-limiting examples, a CB alignment
unit 172 may communicate with a BEV alignment unit 174 to
provide a feedback mechanism for more closely aligning the
CB antenna 158 and BEV antenna 160, either autonomously
or with operator assistance. Similarly, a CB guide unit 176
may communicate with a BEV guide unit 178 to provide a
feedback mechanism to guide an operator in aligning the CB
antenna 158 and BEV antenna 160. In addition, there may be
a separate general-purpose communication channel 152
including CB communication unit 180 and BEV communi-
cation unit 182 for communicating other information
between the CB and the BEV. This information may include
information about EV characteristics, battery characteristics,
charging status, and power capabilities of both the CB and the
BEYV, as well as maintenance and diagnostic data. These com-
munication channels may be separate physical communica-
tion channels such as, for example, Bluetooth, zigbee, cellu-
lar, etc.

[0089] In addition, some communication may be per-
formed via the wircless power link without using specific
communications antennas. In other words the communica-
tions antenna and the wireless power antenna are the same.
Thus, some exemplary embodiments of the CB may include a
controller (not shown) for enabling keying type protocol on
the wireless power path. By keying the transmit power level
(Amplitude Shift Keying) at predefined intervals with a pre-
defined protocol, the receiver can detect a serial communica-
tion from the transmitter. The CB power conversion module
162 may include a load sensing circuit (not shown) for detect-
ing the presence or absence of active BEV receivers in the
vicinity of the near-field generated by the CB antenna 158. By
way of example, a load sensing circuit monitors the current
flowing to the power amplifier, which is affected by the pres-
ence or absence of active receivers in the vicinity of the
near-field generated by CB antenna 158. Detection of
changes to the loading on the power amplifier may be moni-
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tored by the controller for use in determining whether to
enable the oscillator for transmitting energy, to communicate
with an active receiver, or a combination thereof.

[0090] BEV circuitry may include switching circuitry (not
shown) for connecting and disconnecting the BEV antenna
160 to the BEV power conversion unit 166. Disconnecting the
BEV antenna not only suspends charging, but also changes
the “load” as “seen” by the CB transmitter, which can be used
to “cloak” the BEV receiver from the transmitter. If the CB
transmitter includes the load sensing circuit, it can detect
these load changes. Accordingly, the CB has a mechanism for
determining when BEV receivers are present in the CB anten-
na’s near-field.

[0091] FIG. 5 illustrates portions of a power distribution
system 200 enabled for low voltage power line communica-
tions that may be used in some embodiments of the invention.
The CB may be linked to a power line communication system
through a power distribution 182 to provide Power Line Com-
munications (PLC) via its external CB-COM interface that
supports the relevant PLC standard. The PLC node commu-
nicating with the external CB-COM interface may be inte-
grated in an electricity (energy) meter 184. In many countries
and particularly in Europe, PLC may play an important role as
part of an Automated Metering Infrastructure (AMI) and for
Smart Grid applications. An AMI may include elements such
as: Automatic Meter Reading (AMR) of electricity, gas,
water, heat; energy and water use profiling; demand forecast-
ing; and demand side management. Furthermore, with exem-
plary embodiments of the invention, AMI may include man-
agement of V2G for BEVs. As a non-limiting example, an
in-house PL.C system may be configured as part of a home
area network for home automation applications. Some non-
limiting frequencies for PLC nodes may be in Band B (95-125
kHz) or Band C (125-140 kHz).

[0092] Wireless power charging in BEVs may be adapted to
many different battery capabilities and technologies. For
some exemplary embodiments, information about the battery
capabilities and technologies may be useful in determining
charging characteristics and charging profiles. Some non-
limiting examples of battery capabilities are; battery charge,
battery energy, battery voltage, battery capacity, battery
charge current, battery charge power, and charging capabili-
ties.

[0093] Many different batteries and electrochemical cell
technologies may be used in BEVs. Some non-limiting
examples of suitable electrochemical cells are, Lithium Ion,
Lithium polymer, and lead-acid type batteries. Li-lon cells
may provide high energy density due to a high battery pack
voltage (e.g.,400V). Lead acid cells may provide high energy
density due to high battery capacity (e.g. 180 Ah). Currently,
there has been a trend to Li-lon cells because they provide a
high energy-density and high power-density. However, exem-
plary embodiments of the present invention may be used in
other rechargeable electrochemical or electromechanical
(e.g. flywheel) cells and even future rechargeable electro-
chemical or electromechanical cells.

[0094] FIG. 6 illustrates a typical charging process of a
Li-Ion battery that may be representative for a battery that
may be used in a BEV. The graph illustrates charge current
versus charge time, cell voltage, and charge capacity. During
a first phase, substantially constant current may be applied to
the battery as the charge capacity is increasing at a relatively
high rate. During a second phase, a substantially constant
voltage may be applied as the charge capacity nears full
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charge. FIG. 6 illustrates an example charge scenario for
charging a battery at its rated capacity (often referred to as
1C). Other fast charge scenarios may be used, such as rates
faster than 1C (e.g., 2C, 3C, etc).

[0095] FIG. 7 illustrates examples of charging times for a
battery that may be used ina BEV. A stored energy of 25 kWh
is shown as one example of a charge capacity for a typical
battery in a BEV. Depending on the power available, the
charge time to full capacity may be as low as about 1.25 hours
with a high delivery capability of about 21 kW, about 3.5
hours for an accelerated delivery capability of about 7 kW,
about 8.5 hours for a normal delivery capability of about 3
kW, and about 12.5 hours for a domestic delivery capability of
about 2 kW. FIG. 7 is intended as an example only to show
ranges of charging times and how they may be adapted to
wireless power delivery capabilities.

[0096] FIG. 8 illustrates a frequency spectrum showing
various frequencies that may be available and suitable for
wireless charging of BEVs. Some potential frequency ranges
for wireless high power transfer to BEVs include: VLF ina 3
kHz to 30 kHz band, lower LF in a 30 kHz to 150 kHz band
(for ISM-like applications) with some exclusions, HF 6.78
MHz (ITU-R ISM-Band 6.765-6.795 MHz), HF 13.56 MHz
(ITU-R ISM-Band 13.553-13.567), and HF 27.12 MHz
(ITU-R ISM-Band 26.957-27.283).

[0097] FIG. 9 illustrates some possible frequencies and
transmission distances that may be useful in wireless charg-
ing of BEVs. Some example transmission distances that may
be useful for BEV wireless charging are about 30 mm, about
75 mm, and about 150 mm. Some exemplary frequencies may
be about 27 kHz in the VLF band and about 135 kHz in the LF
band.

[0098] Many consideration must be taken into account on
determining a suitable frequency beyond just the resonance
characteristics and coupling-mode region of the receive and
transmit antennas. Wireless power frequencies may interfere
with frequencies used for other applications. As non-limiting
examples, there may be VLF/LF coexistence issues with
power line frequencies, audible frequencies and communica-
tion frequencies. Some non-limiting examples where coex-
istence may be an issue for VLF and LF are: frequencies for
radio clocks, frequencies for LW AM broadcasts and other
radio services, cross-coupling to ISDN/ADSL and ISDN/
xDSL communication channels, electronic vehicle immobi-
lization systems, RFID (Radio Frequency Identification) sys-
tems, EAS (Electronic Article Surveillance) systems, on-site
paging, Low Voltage PL.C systems, medical implants (cardiac
pacemakers, etc.), audio systems and acoustic emission per-
ceivable by humans and animals.

[0099] Some non-limiting examples where coexistence
may be an issue for HF frequencies are industrial, scientific
and medical (ISM) radio bands, such as: 6.78 MHz for remote
control applications and RFID in FDX or HDX mode with
continuous energy transfer; 13.56 MHz for RFID in FDX or
HDX mode with continuous energy transfer as well as por-
table device wireless power; and 27.12 MHz for Railway
applications (Eurobalise 27.095 MHz), Citizen band radio,
and remote control (e.g., models, toys, garage door, computer
mouse, etc.).

[0100] FIG. 10 illustrates transmit and receive loop anten-
nas showing field strength relative to radius of the antennas.
Antenna structures with a radius larger or smaller than an
optimum radius generate higher field strength in the vicinity
of the antenna for a given transferred power. H-field strength
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increases linearly with increasing power transfer distance and
for a given transferred power provided that the antenna radius
is proportionally increased thus always optimum.

[0101] FIGS.11A and 11B illustrate electromagnetic fields
around a loop antenna and accompanying ferrite backing A
transmit antenna includes a wire loop 1130, which may com-
prise a multi-turn wire loop, and a ferrite backing 1120 and a
receive antenna includes a wire loop 1180 and a ferrite back-
ing 1170. At VLF and LF frequencies, a ferrite backing may
be useful for intensifying the magnetic field 1140 in the space
between the antennas thus for enhanced coupling. As shown
in FIG. 11A, if the separation between the antenna coils 1130
and 1180 and the ferrite backings 1120 and 1170 is reduced to
0 cm, the coupling coefficient between the transmit antenna
and receive antenna decreases slightly. Consequently, there
may be an ideal separation between the antenna coils 1130
and 1180 and the ferrite backings 1120 and 1170. FIG. 11B,
illustrates a small separation between the antenna coils 1130
and 1180 and the ferrite backings 1120 and 1170. In addition,
a reduced spacing is illustrated between the antenna coils
1130 and 1180 and their respective ferrite backings 1120 and
1170. For smaller transmission distances (e.g., 3 cm), the
performance gain of ferrite backing may be less because the
coupling coefficient is very high already.

[0102] FIG. 12 is a graph illustrating possible inductance
values for various thicknesses of a ferrite backing as part of a
wireless power antenna. In the exemplary embodiment for
FIG. 12 the ferrite backing is about 0.5 cm from the coil. It can
be seen that inductance does not change considerably (i.e.,
about 5%) with a thickness change for the ferrite backing
between about 5 mm and 10 mm.

[0103] FIG. 13 is a graph illustrating possible ferrite loss
values for various thicknesses of a ferrite backing as part of a
wireless power antenna. In the exemplary embodiment for
FIG. 12 the ferrite backing is about 0.5 cm from the coil. It can
be seen that losses increase rapidly (i.e., about 185%) with a
thickness change for the ferrite backing between about 5 mm
and 10 mm. The resulting loss may decrease the Q factor. As
a result, a trade-off may need to be made between perfor-
mance relative to considerations such as volume, weight, and
cost.

[0104] FIG. 14 shows a simplified diagram of a replaceable
battery disposed in a battery electric vehicle (BEV) 220. In
this exemplary embodiment, The BEV side of the wireless
energy transfer system is an integral part of the vehicles
battery unit 222. Present movements towards standardized
EV batteries may enable easy and fast replacement in so-
called battery swapping (or switching) stations. As shown in
FIG. 14, the shape and placement of the battery unit 222 are
illustrative of one exemplary embodiment. Many other con-
figurations are possible. As a non-limiting example, the bulk
of the battery may be below the rear seat.

[0105] However, the low battery position may be useful for
a battery unit that integrates a wireless power interface and
that can receive power from a charger embedded in the
ground. Fast battery replacement will likely continue to coex-
ist with corded and wireless BEV charging and will not totally
supersede any alternative charging solution (e.g., wireless
charging). In battery swapping stations motorists can get a
fully recharged battery perhaps in less than a minute (faster
than refueling in a conventional gas stations), while corded
and wireless charging will be the solution at home and for
opportunistic charging in public and private parking lots to
increase vehicles autonomy time.
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[0106] Due to high capital expenditure issues, deployments
of battery swapping stations may be mainly along major
transport axis and in larger cities. Another strong argument
for a decentralized and in particular for a convenient charging
and docking-to-grid solution is the availability of BEVs for
vehicle-to-grid use as explained above.

[0107] In FIG. 14, the EV replaceable battery unit 222 is
accommodated in a specially designed battery compartment
224. The battery unit 222 also provides a wireless power
interface 226, which may integrate the entire BEV sided
wireless power subsystem comprising the resonant magnetic
antenna, power conversion and other control and communi-
cations functions needed for efficient and safe wireless
energy transfer between a ground embedded charging base
(CB) and the Electric Vehicle (EV) battery.

[0108] It may be useful for the BEV antenna to be inte-
grated flush with a bottom side of battery unit 222 (vehicle
body) so that there are no protrusive parts and so that the
specified ground-to-vehicle body clearance can be main-
tained. This configuration may require some room in the
battery unit dedicated to the wireless power subsystem.
[0109] In some exemplary embodiments, the CB antenna
and the BEV antenna are fixed in position and the antennas
are brought within a near-field coupling region by overall
placement of the BEV relative to the CB. However, in order to
perform energy transfer rapidly, efficiently, and safely, the
distance between the charging base antenna and the BEV
antenna may need to be reduced to improve magnetic cou-
pling. Thus, in some exemplary embodiments, the CB
antenna and the BEV antenna may be deployable moveableto
bring them into better alignment.

[0110] Also illustrated in FIG. 14 is a battery unit 222 that
is completely sealed and that provides contactless power and
communications interfaces 226,228. A conceptual block dia-
gram of this exemplary embodiment is illustrated in FIG. 16.
[0111] FIGS. 15A-15D are more detailed diagrams of a
loop antenna and ferrite material placement relative to a bat-
tery. In these exemplary embodiments, the battery unit
includes a non-deployable BEV antenna module as part of the
wireless power interface. To prevent magnetic fields from
penetrating into the battery unit 230 and into the interior of the
vehicle, there may be a conductive shielding 232 (e.g., a
copper sheet) between the battery unit and the vehicle. Fur-
thermore, a non-conductive (e.g., plastic) layer 234 to may be
used protect the conductive shield 232, the coil 236, and the
ferrite material 238 from all sorts of environmental impacts
(e.g., mechanical damage, oxidization, etc.).

[0112] FIG. 15A shows a fully ferrite embedded antenna
coil 236. The coil 236 itself may be made, for example only,
of stranded Litz wire. FIG. 15B shows an optimally dimen-
sioned ferrite plate (i.e., ferrite backing) to enhance coupling
and to reduce eddy currents (heat dissipation) in the conduc-
tive shield 232. The coil may be fully embedded in a non-
conducting non-magnetic (e.g. plastic) material 234. There
may be a separation between coil and ferrite plate in general,
as the result of an optimum trade-off between magnetic cou-
pling and ferrite hysteresis losses.

[0113] FIG. 15C illustrates another exemplary embodi-
ment wherein the coil may be movable in a lateral (“x™)
direction. FIG. 15D illustrates another exemplary embodi-
ment wherein only the antenna (coil) module is deployed in a
downward direction. The design of this deployable module is
similar to that of FIG. 15B except there is no conductive
shielding at the antenna module. The conductive shield stays
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with the battery unit. The physical separation of the antenna
module from the battery unit will have a positive effect on the
antennas performance. However, the solution may be more
fault-prone in considering the harsh environmental condi-
tions below a vehicles body (pollution, icing, water).

[0114] FIG. 16 is a simplified block diagram of portions of
a battery system 250 in a BEV equipped to receive wireless
power. This exemplary embodiment illustrates wireless
power interfaces that may be used between an EV system 252,
a battery subsystem 254, and the wireless charging interface
to a CB (not shown). The battery subsystem 254 provides for
both energy transfer and communications with a wireless
interface between the EV and the battery subsystem 254,
which enables a completely contactless, closed, and sealed
battery subsystem 254. The interface may include all the
required functionality for bidirectional (two-way) wireless
energy transfer, power conversion, control, battery manage-
ment, and communications.

[0115] The charger to battery communication interface 256
and wireless power interface 258 has been explained above
and it shall be noted again that FIG. 16 shows a generic
concept. In specific embodiments, the wireless power
antenna 260 and the communications antenna may be com-
bined to a single antenna. This may also apply to the battery-
to-EV wireless interface 262. The power conversion (LF/DC)
unit 264 converts wireless power received from the CB to a
DC signal to charge the EV battery 266. A power conversion
(DC/LF) 268 supplies power from the EV battery 266 to a
wireless power interface 270 between the battery subsystem
254 and the EV system 252. A battery management unit 272
may be included to manage EV battery charging, control of
the power conversion units (LF/DC and DC/LF), as well as a
wireless communication interface.

[0116] In the EV system 252, a wireless antenna 274
receives power from antenna 276 and a LF/DC power con-
version unit 278 may supply a DC signal to a super capacitor
buffer 280. In some exemplary embodiments LF/DC power
conversion unit 278 may supply a DC signal directly to the
EV power supply interface 282. In other exemplary embodi-
ments, a contactless interface may not be capable of provid-
ing the high battery peak current required by the vehicles
drive train e.g., during acceleration. To decrease the source
resistance and thus the peak power capability of the EVs
energy storage system as “seen” at the EV power supply
terminals, an additional super capacitor buffer may be
employed. An EV electrical system control unit 284 may be
included to manage control of the power conversion unit
(LF/DC) 278, charging of the super capacitor buffer 280, as
well as a wireless communication interface 262 to the EV and
the battery subsystem 254. Furthermore, it is noted that V2G
capabilities, as described above, may apply to the concepts
described with reference to, and illustrated in, FIG. 16.
[0117] Exemplary embodiments of the present invention,
as described below, are directed toward alignment of wireless
power antennas as part of a wireless charging system for
BEVs (also referred to herein as a “BEV wireless charging
system”). As will be appreciated by a person having ordinary
skill in the art, adequate antenna alignment may enable two-
way (bidirectional) energy transfer between a charging base,
positioned within a parking space, and a BEV subsystem, in
a quick, efficient, and safe manner. According to one or more
exemplary embodiments, a vehicle guidance system may pro-
vide coarse alignment for adequately positioning a BEV
within a parking space to enable a CB antenna and a BEV
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antenna to be aligned within a specific error radius. Further-
more, according to one or more other exemplary embodi-
ments, an antenna alignment system may be configured to
mechanically adjust a position of a CB antenna, a BEV
antenna, or both in one or more directions to enable for fine
alignment of antennas within a BEV wireless charging sys-
tem.

[0118] FIG. 17 illustrates a parking lot 1701 comprising a
plurality of parking spaces 1707. It is noted that a “parking
space” may also be referred to herein as a “parking area.” To
enhance the efficiency of a vehicle wireless charging system,
aBEV 1705 may be aligned along an X direction (depicted by
arrow 1702 in FIG. 17) and a Y direction (depicted by arrow
1703 in FI1G. 17) to enable a wireless power vehicle base 1704
within BEV 1705 to be adequately aligned with a wireless
power charging base 1706 within an associated parking space
1707. Although parking spaces 1707 in FIG. 17 are illustrated
as having a single charging base 1706, embodiments of the
present invention are not so limited. Rather, it is contemplated
that parking spaces may have one or more charging bases.
Furthermore, embodiments of the present invention are appli-
cable to parking lots having one or more parking spaces,
wherein at least one parking space within a parking lot may
comprise a charging base.

[0119] FIG. 18 illustrates a plurality of'tire stops 1801 (also
commonly referred to as “wheel stops™ or “garage stops”) that
may be used to assist a vehicle operator in positioning a BEV
in a parking space 1803 to enable a vehicle base (e.g., vehicle
base 1704; see FI1G. 17) within the BEV to be aligned with a
charging base 1802. Furthermore, according to one or more
exemplary embodiments, global navigation systems (e.g.,
GPS, Galileo), augmentation systems (e.g., satellite based or
ground based), or any combination thereof, may be used for
assisting a BEV operator in positioning a BEV to enable a an
antenna within the BEV to be adequately aligned with a
charging antenna within a charging base (e.g., charging base
1706).

[0120] Furthermore, a BEV guidance system, according to
other various exemplary embodiments of the present inven-
tion, may be utilized for positioning a BEV within a parking
space to adequately align associated antennas. FIG. 19 illus-
trates a guidance system 1901 comprising at least one charg-
ing base 1902 positioned within a parking space 1903 and at
least one vehicle base 1905 integrated within a BEV 1904.
Furthermore, an alignment system 1908 may be integrated
within BEV 1904 and may be operably coupled to vehicle
base 1905. It is noted that charging base 1902 may include
one or more antennas (not shown in FIG. 19; e.g., see FIGS.
21 and 22) and vehicle base 1905 may include one or more
antennas (also not shown in FIG. 19; e.g., see FIGS. 21 and
22). As described more fully below, a vehicle guidance sys-
tem may be based on radio positioning and direction finding
principles and/or on optical, quasi-optical and/or ultrasonic
sensing methods.

[0121] FIG. 20 illustrates a block diagram of a portion of a
guidance system 2001, in accordance with an exemplary
embodiment of the present invention. More specifically, with
reference to FIGS. 19 and 20, portion of guidance system
2001 may comprise vehicle base 1905 operably coupled to
alignment system 1908. As illustrated, alignment system
1908 may include at least one processor 2002 and may be
configured to visually convey information to a BEV operator,
audibly convey information to a BEV operator, or both, to
assist the BEV operator to properly position an associated
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BEV within a parking space to enable for associated antennas
to be aligned within a specific error radius. Furthermore,
alignment system 1908 may comprise an autopilot system, or
may be configured to control an autopilot system, which is
configured to automatically position an associated BEV
within a parking space.

[0122] FIGS. 21 and 22 respectively illustrate examples of
antennas 2101 and 2201, which may be used in implementa-
tion of guidance system 1901 (see FIG. 19). With reference to
FIG. 21, antenna 2101 comprises a ferrite disk 2102 coupled
to an antenna 2103. Antenna 2101 may further comprise an
x-antenna magnetic element 2104 and an orthogonally ori-
ented y-antenna magnetic element 2105. With reference to
FIG. 22, antenna 2201 may comprise a ferrite rod x-antenna
magnetic element 2202 and a ferrite rod y-antenna magnetic
element 2203 that is orthogonal to ferrite rod x-antenna mag-
netic element 2202. Moreover, it is noted that charging base
1902 (see FIG. 19) may include one or more known and
suitable antennas. For example only, charging base 1902 may
include one or more antennas configured for generating a
polarized magnet field. Furthermore, in another example,
charging base 1902 may include one or more antennas con-
figured for generating a rotating (i.e., circular polarized) mag-
net field.

[0123] By way of example only, charging base 1902 may
include at least one antenna having orthogonal x and y mag-
netic elements, similar to antenna 2101 or antenna 2201, as
illustrated in FIGS. 21 and 22, respectively. It is noted that,
according to one exemplary embodiment, the antennas con-
figured for wireless power transfer may also be configured for
use in the guidance system 1901 e.g. for positioning and
direction finding purposes. According to another exemplary
embodiment, charging base 1902 may include one or more
antennas for use within guidance system 1901 and one or
more separate antennas for wireless power transmission.
[0124] With reference again to FIG. 19, and, as will be
described more fully below, during a contemplated operation
of BEV guidance system 1901, charging base 1902 may be
configured to convey, via one or more transmitters, a guidance
signal 1906, which may be received by vehicle base 1905.
Upon receipt of guidance signal 1906, vehicle base 1905, and,
more specifically, alignment system 1908 may be configured
to utilize information derived from guidance signal 1906 to
assist a driver of BEV 1904, a controller of alignment system
1908 (e.g., an autopilot system controller), or a combination
thereof, to direct BEV 1904 in an X direction (see arrow 1702
in FIG. 17), aY direction (see arrow 1703 in FIG. 17), or a
combination thereof, to enable at least one wireless power
antenna of vehicle base 1905 to be adequately aligned with at
least one wireless power antenna of charging base 1902. More
specifically, alignment system 1908 may be configured to
utilize information derived from guidance signal 1906 to
enable at least wireless power antenna of vehicle base 1905 to
be adequately aligned with at least one wireless power
antenna of charging base 1902.

[0125] Various contemplated methods of implementing
guidance system 1901 for positioning a BEV within a parking
space will now be described. According to one exemplary
embodiment, charging base 1902 may be configured to gen-
erate one or more magnetic fields, which may be detected by
vehicle base 1905 and used for determining a direction from
vehicle base 1905 to charging base 1902. More specifically, in
this embodiment, guidance signal 1906 may comprise one or
more very low frequency (VLF) (i.e., 3-30 KHz) or low
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frequency (LF) (i.e., 30-300 KHz) magnetic field patterns,
which may be generated by charging base 1902 and received
by one or more VLF or LF receive antennas of vehicle base
1905, wherein the one or more receive antennas include
orthogonal x and y components (e.g., antenna 2101 or
antenna 2201). Furthermore, a direction of a horizontal field
component of the magnetic field, which points toward charg-
ing base 1905, may be determined from signals received by
the one or more receive antennas of vehicle base 1905. Stated
another way, a horizontal component of a magnetic field
generated from at least one antenna within charging base
1905 may be detected by at least one antenna with vehicle
base 1905, wherein the horizontal component is directed
toward the at least one antenna with vehicle base 1905.

[0126] FIG. 23 illustrates a side view of a magnetic field
2301 generated by charging base 1902. With reference to
FIGS. 19 and 23, charging base 1902 may generate magnetic
field 2301 having a horizontal field component 2302, which
may be received by one or more antennas of vehicle base
1905. It is noted that reference numeral 2303 depicts an offset
between charging base 1902 and vehicle base 1905. FIG. 24
illustrates a side view of an antenna 2402 (i.e., an antenna of
vehicle base 1905) and charging base 1902 emitting magnetic
field 2301. FIG. 25 illustrates a top-down view of antenna
2402 positioned within magnetic field 2301. With reference
to FIGS. 24 and 25, the direction of the flux lines 2401 of
magnetic field 2301 adjacent antenna 2402 (e.g., antenna
2101 or antenna 2201) of vehicle base 1905 (see FIG. 19) may
be oriented along a horizontal field component of magnetic
field 2301 and in a direction toward charging base 1902.
Stated another way, the orientation of flux lines 2401 adjacent
antenna 2402 may be defined by a vector 2403, which points
toward the source of magnetic field 2301 (i.e., one or more
antennas within charging base 1902).

[0127] According to one exemplary embodiment, align-
ment system C08 (see FIGS. 19 and 20) may include a pro-
cessor 2002 (see FIG. 20), which may be configured to cal-
culate a direction of vector 2403 from one or more signals
received from orthogonal x and y magnetic elements (e.g.,
x-antenna 2104 and y-antenna 2105) of an antenna (e.g.,
antenna 2402) of vehicle base 1905. Stated another way,
processor 2002 may determine the vector between at least one
antenna within vehicle base 1905 to at least one antenna
within charging base 1902. It is noted that a ferrite disk (e.g.,
ferrite disk 2102 of FIG. 21) may concentrate and/or magnify
a horizontal field component of magnetic field 2301 and, as a
result, the horizontal field component may be more easily
detected.

[0128] By way of example only, charging base 1902 may be
configured to generate radio wave magnetic fields, which, as
will be understood by a person having ordinary skill in the art,
may not require an unobstructed line of sight and are not
easily obstructed by objects within a surrounding environ-
ment (e.g., snow, pollution, or other objects). Moreover,
charging base 1902 may be configured to reduce, and possi-
bly eliminate, multi-path propagation effects (i.e., reflections
from surrounding objects). In other examples, charging base
1902 may be configured to emit or receive signals at optical or
infrared frequencies.

[0129] Furthermore, according to another exemplary
embodiment of determining a direction from vehicle base
1905 to charging base 1902, guidance system 1901 may be
configured to function in a manner similar to that of a radio
navigation system (e.g., VHF Omni-directional Radio Range
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“VOR”), as will be understood by a person having ordinary
skill in the art. In this exemplary embodiment, guidance sig-
nal 1906 may comprise a direction signal (e.g., a circular
polarized H-field) and a time-reference signal. Furthermore,
vehicle base 1905 may be configured to receive each of the
directional signal and the reference signal and measure a
phase difference therebetween to determine a line of position,
from charging base 1902, on which vehicle base 1905 is
located.

[0130] Additionally, for the exemplary embodiments
described above related to positioning a BEV within a park-
ing space, guidance system 1901 may be configured to mea-
sure a change in a strength of guidance signal 1906 (see FIG.
19) emitted from charging base 1902 to determine a position
of'vehicle base relative to charging base 1902. The BEV may
solely use or additionally use the gradient of the field strength
of the guidance signal to find to a location of the charging
base. This may enable use of simplified receivers within the
BEV. Moreover, it is noted that for the exemplary embodi-
ments described above related to magnetic field detection, a
guidance system (e.g., guidance system 1901) should be con-
figured to detect a magnetic field emitted from an associated
charging base without being affected by the presence of mag-
netic fields produced by adjacent charging bases for the pur-
pose of wireless energy transfer, for the purpose of vehicle
guidance, or both.

[0131] Furthermore, exemplary embodiments of the
present invention include devices, systems and methods for
employing ultra wide band (UWB) location technologies.
Ultra wide band localizers may be based on distance mea-
surement through measurement of'a round-trip time of a pulse
or other suitable wideband waveforms, similarly to secondary
surveillance radar used in air traffic control or satellite rang-
ing techniques. In an exemplary embodiment, multiple UWB
transponders as part of the charging base are suitably posi-
tioned within a parking lot area and there is one UWB trans-
ceiver as part of the BEV subsystem having an antenna suit-
ably installed e.g. within the BEV wireless power antenna.
The BEV ftransceiver emits a UWB signal which when
received by the UWB transponders triggers a response signal
in each of the transponders. These response signals are pref-
erably of the same waveform but delayed in time by a fixed
and known amount or shifted in frequency or both, relative to
the received signal. The BEV transceiver in turn measures
time of arrival of all response signals and determines round-
trip-time and related distance between its UWB antenna and
each of the transponders. For example, by positioning mul-
tiple ranging devices within charging base 1902, a position of
charging base 1902 relative to vehicle base 1905 may be
determined through triangulation methods, as will be under-
stood in the art. Ultra wide band location technologies may
enable real-time, continuous position measurements with
resolutions in the centimeter range. Moreover, code and time
division channelization for a million localizers per km?> may
be achievable. FIG. 26 illustrates four ultra wide band tran-
sponders for use within a triangulation process.

[0132] In yet another exemplary embodiment using UWB
guidance signals, there is a UWB transmitter as part of the
charging base having an antenna suitably placed e.g. within
the CB wireless power antenna and there are multiple UWB
receivers as part of the BEV subsystem having antennas suit-
ably placed on the BEV. The BEV-sided guidance system
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measures relative time of arrival of the UWB signal in each of
its receivers to determine an angle of direction pointing to the
charging base.

[0133] Above described methods using UWB electromag-
netic signals for positioning or direction finding may also
apply to the use of acoustic e.g. ultrasonic signals, emitters
and sensors.

[0134] Withreference again to FIG. 17, it is noted that each
non-active charging base 1706 may be configured to emit a
beacon signal at a very low frequency (VLF) (i.e., 3-30 KHz)
or a low frequency (LF) (i.e., 30-150 KHz) and in a different
frequency band in which wireless power is transmitted. Fur-
thermore, each beacon signal may comprise a parking space
identifier indicative of the parking space from which the
beacon signal originated. This beacon signal may be identical
with the guidance signal used for positioning or direction
finding purposes. Moreover, beacon signals emitted by charg-
ing bases 1706 may share available resources in time, fre-
quency, or both. Moreover, for the exemplary embodiments
described above, a guidance system (e.g., guidance system
1901) may be configured to operate in a single, isolated
parking space (e.g., a residential garage) and may not require
use of triangulation methods involving charging bases of
adjacent parking spaces.

[0135] FIG.27 is a flowchart illustrating a method 2701, in
accordance with one or more exemplary embodiments.
Method 2701 may include generating at least one signal with
at least one antenna positioned within a wireless charging
base (depicted by numeral 2702). Method 2701 may further
include detecting at least a portion of the at least one signal
with at least one antenna within a wireless vehicle base inte-
grated within a battery electric vehicle (BEV) (depicted by
numeral 2703). Further, method 2701 may include determin-
ing a direction from the vehicle base to the charging base from
the detected at least a portion of the at least one signal (de-
picted by numeral 2704). Moreover, method 2701 may
include moving the battery electric vehicle (BEV) toward the
wireless charging base according to the determined direction
(depicted by numeral 2705).

[0136] The various exemplary embodiments described
above with reference to FIGS. 17-27 may enable antennas
within a BEV wireless charging system to be aligned within
anerror radius. In the event a residual antenna alignment error
exists after a BEV has been positioned within a parking space,
devices, systems, and methods related to fine alignment of
antennas, as described below, may be utilized.

[0137] A wireless power charging and antenna alignment
system includes a charging base configured to transmit or
receive a wireless power signal to/from a BEV wireless
charging subsystem. The BEV wireless charging subsystem
may be operably coupled with a battery unit of a BEV. The
system further includes a BEV antenna operably coupled
with the BEV wireless charging subsystem. The system may
further include a mechanical device configured for adjusting
a physical position of the BEV antenna as described herein.

[0138] The BEV antenna may be positioned in a location of
the BEV where there is enough space to integrate the BEV
wireless charging subsystem with the other components and
systems of the BEV. For example, the wireless power antenna
may be located within the underside ofthe chassis of the BEV.
The BEV antenna may be positioned near the front, center, or
rear of the BEV. Positioning the wireless power antenna near
the front of the BEV may result in the driver having more
accuracy in positioning, as the wireless power antenna would
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be closerto the BEV’s steering unit. Additionally, locating the
wireless power antenna near the front of the BEV may pro-
vide more uniformity for overly long BEVs. Positioning the
wireless power antenna near the center of the BEV may result
in having more flexibility in parking forwards or backwards.
Positioning the wireless power antenna near the rear of the
BEV may be advantageous for system integration due to
space constraints in the front and middle sections of the BEV.
Other benefits for positioning the wireless power antenna
near the front, middle, or rear of the BEV may also exist.
[0139] FIG. 28A illustrates that various obstructions 2805
may be encountered by a BEV 2810 requiring a minimum
chassis clearance. The obstructions 2805 may contact the
underside 2815 of the chassis of the BEV 2810 at different
locations. When a wireless power antenna (not shown) is
located within or near the underside 2815 of the chassis of the
BEV 2810, the wireless power antenna may become dam-
aged, misaligned, or have other problems associated with
obstructions 2805 contacting the wireless power antenna.
[0140] FIGS. 28B and 28C illustrate a BEV antenna 2820
according to an exemplary embodiment of the present inven-
tion. In order to protect the BEV antenna 2820 from undesir-
able contact from obstructions, it may be desirable to locate
the BEV antenna 2820 within a cavity 2812 of the underside
of the chassis of a BEV 2810. In order to further protect the
wireless power antenna 2820 from environmental effects
(e.g., pollution, dirt, mud, water, ice, moisture), a cover 2824
and/or defrost unit 2822 may be used. The defrost unit 2822
may be the wireless power antenna itself. In this concept the
BEV wireless power subsystem may be operated in transmit
mode injecting a current into the BEV antenna 2820 that
produces sufficient heat dissipation.

[0141] A charging base (not shown) may include a power
conversion unit operably coupled with a CB antenna. The
charging base may further include other mechanical or elec-
tronic components (e.g., processor) that may be used for
position adjustment of the CB antenna as will be described
herein. Components of the charging base may be housed
within a charging base that is at least partially embedded
below a ground surface, such as in a parking lot, driveway, or
garage. A tool may be used to form the hole in which the
charging base is located. For example, FIG. 29A illustrates a
tool 2900 (e.g., milling cutter) which may be used to drill a
hole in the ground 2905, in which a charging base may be at
least partially embedded. As a result, the tool 2900 may be
used to equip parking lots with charging bases in order to
accelerate large scale deployments of wireless charging of
BEVs.

[0142] FIG. 29B illustrates a charging base 2910 at least
partially embedded below a ground surface 2905 according to
an exemplary embodiment of the present invention. The
charging base 2910 may include one or more CB antennas
2915 for transmitting or receiving a wireless power signal
to/from a corresponding BEV antenna (not shown) associated
with a BEV. The charging base 2910 may be protrusive 2901
from the ground, which may improve coupling as the distance
between the CB antenna 2915 and BEV antenna may be
reduced. A protrusive 2901 charging base 2910 may be more
accessible for maintenance and repair. However, a protrusive
2901 charging base 2910 may be an impediment, such as for
pedestrians or during snow removal. Alternatively, the charg-
ing base 2910 may be flush 2902 with the surface of the
ground 2905. A flush 2902 charging base 2910 may be more
accessible for maintenance and repair and non-impedimental;
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however, coupling between the CB antenna 2915 and BEV
antenna may be reduced in comparison to the protrusive 2901
charging base 2910. A flush 2902 charging base 2910 may
also leave a potential problem with the edge of the ground
surface (e.g., asphalt) potentially being more prone to erosion
by water, ice and mechanical stress. Alternatively, a charging
base 2910 may be located completely below 2903 the surface
of the ground (e.g., below the asphalt layer 2907). Such a
below-surface 2903 charging base 2910 may be more secure
from intruders (e.g., vandalism), and be non-impedimental;
however, coupling and accessibility to maintenance and
repair may be reduced. With reference to FIG. 29D, a sub-
stantially flat cover 3535 with a thin collar 3537 extending
over a ground surface 3539 (e.g., asphalt) may be positioned
over charging base 2910 and may enable unimpeded road
cleaning (e.g., machined road cleaning) Furthermore, cover
3535 may solve the problem described above related to poten-
tial erosion of an edge of the ground surface 3539.

[0143] FIG. 29C further shows a charging base 2910 that is
located fully below the surface of the ground 2905 according
to an exemplary embodiment of the present invention. The
charging base 2910 may be configured to protect the wireless
power antenna 2915 from environmental factors 2908, such
as heat, cold, solar radiation, water, moisture, debris, etc. For
example, such a fully embedded charging base may be her-
metically sealed in order to be water proof.

[0144] FIG. 30A-30C illustrate a BEV 3010 including a
wireless power antenna 3015 positioned over a charging base
3020 also including a wireless power antenna 3025. As shown
in FIG. 30, the BEV antenna 3010 and the CB antenna 3025
are aligned in the X and Y directions, and separated by a
distance 3030 in the Z direction. As shown in FIG. 30B, the
BEV antenna 3010 and the CB antenna 3025 are misaligned
by an offset distance 3035 in the X direction, and are sepa-
rated by a distance 3030 in the Z direction.

[0145] It may be desirable to reduce the distance 3030 and
the offset distance 3035 in order to improve coupling strength
between the BEV antenna 3015 and the CB antenna 3025.
Reducing the distance 3030 and the offset distance 3035 may
occur through a fine alignment adjustment system.

[0146] The fine alignment adjustment system may be used
to adjust the physical position of the CB antenna 3025, the
BEV antenna 3015, or a combination thereof in order to
increase coupling strength between the CB antenna 3025 and
the BEV antenna 3015. Adjusting the position of one or both
of the BEV antenna 3015 and CB antenna 3025 may be
performed in response to a detection of misalignment ther-
ebetween. Determining misalignment may be performed by
utilizing information from the vehicle guidance system, as
described above, such as for the methods related to magnetic
field detection. Furthermore, information from a wireless
power link (e.g., various parameters indicative of the perfor-
mance of the wireless power link) may be used in determining
misalignment of associated antennas. For example, during
misalignment detection, the wireless power link may be oper-
ated at a reduced power level and after associated antennas
have been accurately aligned, the power level may be
increased.

[0147] The fine alignment adjustment system may be sepa-
rate from, or in addition to the course alignment guidance
system. For example, the course alignment guidance system
may guide a BEV into a position within a given tolerance (i.e.,
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error radius), such that a fine alignment adjustment system
can correct for fine errors between the BEV antenna 3015 and
the CB antenna 3025.

[0148] Asshown intheoverhead view of BEV 3010inFIG.
30C, the BEV antenna 3010 and the CB antenna 3025 are
misaligned only in the X direction. The BEV antenna 3010
and CB antenna 3020 are aligned in the Y direction. For
example, the alignment in the Y direction may have been
accomplished by the BEV 3010 using its own traction system,
which may be assisted (e.g., auto-piloted) by the guidance
system described herein, and by which the BEV’s motor may
be able to move smoothly and accurately to a target Y posi-
tion. In such a scenario, alignment error in the X direction
may still exist but not in the'Y direction. Eliminating the need
for alignment adjustment in the Y direction (e.g., through use
of a course alignment guidance system) may also reduce
space requirements for BEV antenna 3015 as the BEV
antenna 3015 may be configured to move only in X direction,
which may be accommodated in a cavity and not deployed for
wireless power transfer. Thus, eliminating the need for fine
alignment in the Y direction may simplify the BEV wireless
power subsystem.

[0149] FIGS. 31A-31G illustrate several variants for fine
alignment adjustment according to various exemplary
embodiments of the present invention. As shown by FIGS.
31A-31G, the physical position of the BEV antenna 3115
may be adjusted to correct for alignment errors in the X, Y,
and Z directions, or any combination thereof. Additionally,
the position of the CB antenna 3125 may be adjusted to
correct for alignment errors in the X, Y, and Z directions, or
any combination thereof. In some exemplary embodiments,
the positions of both the BEV antenna 3115, and the CB
antenna 3125 may be adjusted to correct for alignment errors
in any of the X, Y, and Z directions, or any combination
thereof.

[0150] Stated another way, during coupling wireless power
between a CB antenna 3125 and a BEV antenna 3115 asso-
ciated with a battery unit of a BEV 3110, the position of at
least one of the CB antenna 3125 and the BEV antenna 3115
may be adjusted. The adjustment of position may be initiated
in response to a detection of misalignment between the CB
antenna 3125 and the BEV antenna 3115. A charging base
3120 may include a wireless power transmitter configured to
transmit the wireless power signal, and a CB antenna 3125
operably coupled with the wireless power transmitter. One or
more mechanical devices may be used for adjusting the posi-
tion of the BEV antenna 3115 and/or the CB antenna 3125 in
at least one of an X, Y, and Z direction.

[0151] FIG. 32 illustrates possible locations in the X andY
direction that a mechanical device may adjust the position of
aBEV antenna according to an exemplary embodiment of the
present invention. For example, by selecting an angle pair (a.,
[) within the mechanical device, any position in the X and Y
directions may be achieved within a radius r,,, ...
[0152] FIG. 33 illustrates a mechanical solution for a BEV
antenna 3315 that is located within a cavity 3312 of the
underside ofa BEV 3310 according to an exemplary embodi-
ment of the present invention. As shown in FIG. 33, mechani-
cal device 3350 may adjust the position of the BEV antenna
3315 in the X and Y directions by selecting an appropriate
angle pair (a, p). Additionally, mechanical device 3350 may
adjust the position of the BEV antenna 3315 in the Z direction
by lowering the BEV antenna 3315 from the cavity 3312 of
the BEV 3310. Mechanical device 3350 may include one of
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many mechanical solutions including electric driven mechan-
ics and/or hydraulics. Although not shown herein, a mechani-
cal device may similarly be used to adjust the position of the
CB antenna in the X, Y, or Z directions, or any combination
thereof. In other words, fine alignment adjustment may be
accomplished with a mechanical solution for adjusting the
position of the CB antenna, the BEV antenna 3315, or both, as
the case may be. Some mechanical solutions may experience
failure and may require some maintenance or repair.

[0153] FIG. 34 illustrates another mechanical solution in
which the BEV antenna 3415 (and/or CB antenna) may be
repositioned by a gear shaft 3450 operably coupled to a drive
mechanism 3452 according to an exemplary embodiment of
the present invention. In operation, if the drive mechanism
3452 is actuated, the gear shaft 3450 may be rotated to extend
the support member 3454 in order to lower the BEV antenna
3415 in the Z direction.

[0154] As shown in FIG. 35A, a charging base 3520 may
experience heavy loading from the weight of a BEV 3510.
Therefore, it may be desirable for the charging base 3520 to
further include a reinforced cover 3527. FIGS. 35B and 35C
illustrate a charging base 3520 including a reinforced cover
according to an exemplary embodiment of the present inven-
tion. A reinforced cover 3527 may be located above the sur-
face of the ground as shown in FIG. 35B, or below the surface
of the ground as shown in FIG. 35C. The reinforced cover
3527 may increase the distance from a BEV antenna than
would otherwise occur with a charging base 3520 not includ-
ing the reinforced cover. Being above the surface of the
ground may improve accessibility for maintenance and
repair, but may also be an obstruction (e.g., for pedestrians,
snow clearance, etc.). In an exemplary embodiment with the
CB antenna 3525 located within an embedded charging base
3520 and with the CB antenna 3525 configured to be movable
within the embedded charging base 3520, it may be desirable
for the charging base 3520 to be enlarged in comparison to a
charging base with a stationary CB antenna.

[0155] Up to this point a wireless power charging and
antenna alignment system for a BEV has been shown to move
only the BEV antenna in the X, Y, and Z directions. FIGS.
36A-36D illustrate a BEV 3610 including a wireless power
battery unit 3630 and the BEV antenna 3615 configured to be
repositioned in the X, Y, and Z directions in various combi-
nations according to an exemplary embodiment of the present
invention. The battery unit may be located within a cavity of
the BEV 3610. Additionally, the BEV antenna 3615 may be
located within a cavity of the battery unit 3630.

[0156] Adjusting the position of the entire battery unit 3630
(e.g., in the Z direction) to accommodate antenna alignment,
decrease the distance between the antennas, or both, may
improve coupling between the CB antenna 3625 and BEV
antenna 3615.

[0157] For example, the position of the battery unit may
3630 may be adjusted in one or more directions (FIG. 36B).
The BEV antenna 3615 may be moved in the X, Y, and Z
directions (FIG. 36C). Additionally, both the battery unit
3630 and the BEV antenna 3615 can be moved inthe X,Y, and
Z directions in various combinations (FIG. 36D). Like with
the examples discussing adjusting the position of an antenna,
adjusting the position of the battery unit 3630 may be accom-
plished through mechanical devices (e.g., through electric
driven mechanics and/or hydraulics).

[0158] The fine alignment adjustment may also accom-
plished with the assistance of an electrical solution (e.g.,
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electronically switched coil arrays) altering the flux lines of
the electric field generated by the wireless power transmitter.
A combination of mechanical and electrical alignment of the
antennas may be used.

[0159] The fine alignment adjustment may also be per-
formed using the BEV’s 3610 own traction system, which
may configured to have the motor move the BEV 3610
smoothly and accurately (e.g., by moving the BEV 3610 back
and forth in a zig-zag motion) to enhance coupling between
coupling between the CB antenna 3625 and BEV antenna
3615. This zig-zag motion may be performed fully automati-
cally by the BEV 3610 without, or with only minimum,
operator intervention. For example, the BEV 3610 may be
equipped with a servo steering wheel, ultrasonic sensors, and
artificial intelligence. In this case the BEV antenna 3615 may
be fixed, and adjustment of the BEV antenna 3615 through
other mechanical or electrical solutions may not be required.
In other words, the BEV antenna 3615 is in a fixed position in
at least one of the X, Y, and Z directions (or all directions) in
relation to the BEV 3610, and the mechanical device used to
adjust the position of the BEV antenna 3615 includes the
motor of the BEV 3610 configured for controllably position-
ing the BEV 3610 for adjusting the position of the BEV
antenna 3615 in at least one of the X, Y, and Z directions.
[0160] Stated another way, a wireless power alignment sys-
tem for a vehicle may comprise a wireless power receiver
configured to receive a wireless power signal, the wireless
power receiver may be operably coupled with a battery unit
36300fa BEV 3610. The BEV antenna 3615 may be operably
coupled with the wireless power receiver, and at least one
mechanical device may be configured for adjusting a position
of the BEV antenna 3615 in at least one of an X, Y, and Z
direction. Adjusting a position of the BEV antenna may be in
response to a detection of misalignment between the BEV
antenna 3615 and a CB antenna 3625.

[0161] FIG. 37 illustrates fine alignment adjustment for a
wireless power charging system 3700 fora BEV 3710 accord-
ing to an alternative exemplary embodiment of the present
invention. Wireless power system 3700 includes a BEV 3710
associated with a BEV side wireless power subsystem 3713
operably coupled to a power supply 3718 (e.g., battery). The
BEV wireless power subsystem 3713 may include a BEV
power converter (not shown) operably coupled with a BEV
antenna 3715. The BEV antenna 3715 may be located along
the underside of the chassis of BEV 3710. The wireless power
system 3700 for a BEV 3710 further includes a charging base
3720 including a CB power conversion (not shown) operably
coupled with a BEV antenna 3725. Rather than the charging
base 3720 being at least partially embedded below the surface
of the ground as previously described, charging base 3720
may be configured as a charging platform located above the
surface of the ground. Such a configuration may be desirable
as a retrofit solution for a garage or carport if forming a hole
in the ground for a charging base is undesired. A configuration
of a charging platform may also provide flexibility as the
charging platform may mobile and able to be stored in a
location other than a garage or transferred to another location.
[0162] The charging base 3720 (e.g., charging platform)
may be configured to move automatically (e.g., as an auto-
mated robot), be controlled remotely (e.g., via a remote con-
trol unit), or through other methods for control of a mobile
charging platform. For example, the BEV 3710 (e.g., through
its wireless power subsystem 3713) may request a charge,
whereupon the charging base 3720 may move automatically
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underneath the BEV 3710 and position itself to align the CB
wireless power antenna 3725 with the BEV antenna 3715.
Further fine alignment (if necessary) may be accomplished
through adjusting the position of the BEV antenna 3715 and
CB antenna 3725 in one or more direction as previously
described.

[0163] Once sufficiently aligned, charging base 3720 may
more efficiently transfer wireless power between a charging
base and a wireless power subsystem 3713 of the BEV 3710.
After charging is completed, or after some other event, the
charging base 3720 may return back to a waiting position
(standby mode). The wireless power system 3700 may, there-
fore, include a communication link with the charging base
3720 and another device (e.g., wireless power subsystem
3713) associated with the BEV 3710. The charging base 3720
may further include cable management in order to uncoil and
coil a connecting cable 3722 prior to and after the charging
process.

[0164] A wireless power charging system for a BEV may
be further configured for safety and security concerns. For
example, the BEV may be configured to be immobilized
when the wireless power BEV or CB antennas are deployed,
when such antennas cannot be retracted (e.g., due to damage
or obstacle). Such immobilization may protect the wireless
power charging system from further damage. The wireless
power charging system may further include sensors that
detect mechanical resistance of the wireless power BEV or
CB antennas. Detecting mechanical resistance may protect
the wireless power BEV or CB antennas and accompanying
components from being damaged if an obstacle (stone,
debris, snow, animal, etc.) is positioned in a location that
would restrict the movement of the antenna.

[0165] The wireless power charging system may further
include continuous monitoring of the wireless power link
between the BEV antenna and CB antenna (e.g., monitoring
voltages, currents, power flow, etc.) and reduce the power
transmitted or shut down power in the event of detection of an
abnormality in the wireless power link. The wireless power
charging system may further include sensors configured to
detect the presence of persons or animals in close proximity
of the antenna. Such sensors may be desirable in order for a
processor to reduce or terminate wireless power transmission
if a person is proximate the wireless power antennas. Such an
action may be a safety precaution against prolonged exposure
to electromagnetic radiation, such as for example, while a
person performs maintenance or other repair work under-
neath the BEV particularly for persons using cardiac pace-
makers or similar sensitive and safety critical medical
devices.

[0166] Those of skill in the art would understand that infor-
mation and signals may be represented using any of a variety
of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

[0167] Those of skill would further appreciate that the vari-
ous illustrative logical blocks, modules, circuits, and algo-
rithm steps described in connection with the exemplary
embodiments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of both.
To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules,
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circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the par-
ticular 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 exemplary
embodiments of the invention.

[0168] Thevarious illustrative logical blocks, modules, and
circuits described in connection with the exemplary embodi-
ments 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 program-
mable 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 computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more mMicroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

[0169] The steps of a method or algorithm described in
connection with the exemplary embodiments disclosed
herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the
two. A software module may reside in Random Access
Memory (RAM), flash memory, Read Only Memory (ROM),
Electrically Programmable ROM (EPROM), Electrically
Erasable Programmable ROM (EEPROM), registers, hard
disk, a removable disk, a CD-ROM, or any other form of
storage medium known in the art. An exemplary storage
medium is coupled to the processor such that the processor
can read information from, and write information to, the
storage medium. In the alternative, the storage medium may
be integral to the processor. The processor and the storage
medium may reside in an ASIC. The ASIC may reside in a
user terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a user terminal.

[0170] In one or more exemplary embodiments, the func-
tions described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted over
as one or more instructions or code on a computer-readable
medium. Computer-readable media includes both computer
storage media and communication media including any
medium that facilitates transfer of a computer program from
one place to another. A storage media may be any available
media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media
can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to carry
or store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Also,
any connection is properly termed a computer-readable
medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or
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wireless technologies such as infrared, radio, and microwave
are included in the definition of medium. Disk and disc, as
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. Combinations of the
above should also be included within the scope of computer-
readable media.

[0171] Theprevious description of the disclosed exemplary
embodiments is provided to enable any person skilled in the
art to make or use the present invention. Various modifica-
tions to these exemplary embodiments will be readily appar-
ent to those skilled in the art, and the generic principles
defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the
present invention is not intended to be limited to the exem-
plary embodiments shown herein but is to be accorded the
widest scope consistent with the principles and novel features
disclosed herein.

What is claimed is:

1. A method, comprising:

detecting at least a portion of at least one signal including

a horizontal field component of a magnetic field with at
least one antenna including at least first and second
orthogonally spaced magnetic elements within a wire-
less vehicle base integrated within an electric vehicle,
the magnetic field generated from a wireless charging
base; and

determining a direction from the vehicle base to the charg-

ing base from the detected at least a portion of the at least
one signal.

2. The method of claim 1, further comprising directing the
electric vehicle toward the wireless charging base according
to the determined direction.

3. The method of claim 1, wherein determining a direction
from the vehicle base to the charging base comprises deter-
mining a vector from the vehicle base to the charging base
from the detected horizontal field component.

4. The method of claim 3, wherein determining a vector
from the vehicle base to the charging base comprises deter-
mining a direction of flux lines of the magnetic field adjacent
at least one antenna of the vehicle base.

5. The method of claim 1, wherein the at least one signal
includes at least one magnetic field and a time-reference
signal with the at least one antenna positioned within a wire-
less charging base.

6. The method of claim 5, further comprising measuring a
phase difference between the at least one magnetic field and
the time reference signal.

7. The method of claim 1, wherein determining the direc-
tion to the charging base from the detected at least a portion of
the at least one signal comprises using triangulation methods
to determine a direction from the vehicle base to the charging
base.

8. The method of claim 1, wherein detecting at least a
portion of the at least one signal with at least one antenna
within a wireless vehicle base comprises detecting at least a
portion of the at least one signal with one of a very low
frequency (VLF) receiver and a low frequency (LF) receiver.

9. The method of claim 8, wherein the at least one signal
shares at least one of time domain and a frequency domain
with a neighboring charging base.
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10. The method of claim 1, further comprising measuring a
change in a strength of the at least a portion of the at least one
signal.

11. The method of claim 10, wherein the change in a
strength is a gradient of a field strength

12. An apparatus, comprising:

at least one first antenna having a first magnetic element

and a second magnetic element, orthogonal to the first
magnetic element, the at least one first antenna for
detecting a horizontal component of a magnetic field
generated from at least one second antenna, wherein the
horizontal component of the magnetic field is directed
toward the at least one second antenna; and

a processor for determining a vector between the at least

one first antenna and the at least one second antenna.

13. The apparatus of claim 12, wherein the first magnetic
element and the second magnetic element use a common
ferrite disk.

14. The apparatus of claim 13, wherein the common ferrite
disk is part of at least one first antenna used for wireless
energy transfer.

15. The apparatus of claim 12, wherein each of the first
magnetic element and the second magnetic element of at least
one antenna comprises a ferrite rod.

16. The apparatus of claim 12, wherein the at least one first
antenna comprises one of a very low frequency (VLF)
antenna and a low frequency (LF) antenna.

17. The apparatus of claim 12, further comprising:

at least one mechanical device configured for adjusting a

position of the at least one antenna in at least one ofan X,
Y, and Z direction.

18. The apparatus of claim 17, wherein the at least one
mechanical device includes a gear shaft operably coupled to
a drive mechanism configured to drive an adjustment of the
position of the at least one electric vehicle antenna.

19. The apparatus of claim 17, wherein the at least one
mechanical device includes a gear shaft operably coupled to
a drive mechanism configured to drive an adjustment of the
position of the at least one electric vehicle antenna.

20. The apparatus of claim 18, wherein the gear shaft is
mounted at least one mechanical device includes a gear shaft
performs an excentric rotation of the at least one electric
vehicle antenna.

21. The apparatus of claim 17, wherein the at least one
mechanical device includes a pantograph to move at least one
of the antenna in a Z direction.

22. The apparatus of claim 17, further comprising:

at least one sensor to detect mechanical resistance caused

by an object on ground restricting movements of antenna
in at least one of an X, Y, and Z direction.

23. The apparatus of claim 12, wherein the at least one
antenna is housed within a cavity of an electric vehicle.

24. The apparatus of claim 12, wherein the electric vehicle
is immobilized when at least one antenna is deployed from the
cavity.

25. The apparatus of claim 12, further comprising defrost-
ing of the at least one antenna in case the antenna cannot be
deployed.

26. The apparatus of claim 25, wherein defrosting is
accomplished by injecting a current into the at least one
antenna.

27. The apparatus claim 17, wherein the at least one
mechanical device is further configured for adjusting a posi-
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tion of a battery unit coupled with the at least one antenna in
at least one of an X, Y, and Z direction.

28. The apparatus of claim 12, further comprising an auto-
pilot system for positioning the at least one antenna to be at
least partially aligned with the at least one second antenna.

29. The apparatus of claim 12, further including a fine
alignment system configured to mechanically adjust a posi-
tion of the at least one first antenna, the at least one second
antenna, or both in one or more directions to enable for fine
alignment of associated antennas within an electric vehicle
wireless charging system.

30. The apparatus of claim 12, further including a fine
alignment system configured to mechanically adjust a posi-
tion of the second antenna relative to a first antenna in at least
one of a direction is performed by using the vehicle’s own
traction system.

31. An apparatus, comprising:

means for detecting at least a portion of at least one signal

including a horizontal field component of a magnetic
field with at least one antenna including at least first and
second orthogonally spaced magnetic elements within a
wireless vehicle base integrated within an electric
vehicle, the magnetic field generated from a wireless
charging base; and

means for determining a direction from the vehicle base to

the charging base from the detected at least a portion of
the at least one signal.

32. An apparatus, comprising:

a wireless power charging base including at least one

antenna configured to be positioned within a vehicle
parking area and;
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a transmitter for transmitting at least one signal for guiding
an electric vehicle within the vehicle parking area to
enable a vehicle base of the electric vehicle to be posi-
tioned proximate the charging base.

33. The apparatus of claim 32, where the signal comprises

a magnetic field having a horizontal component directed
toward the at least one antenna.

34. The apparatus of claim 33, wherein the magnetic field
comprises a radio wave magnetic field.

35. The apparatus of claim 32, wherein the at least one
antenna comprises a first magnetic element and a second
magnetic element, orthogonal to the first magnetic element.

36. The apparatus of claim 35, wherein each of the first
magnetic element and the second magnetic element com-
prises a ferrite rod.

37. The apparatus of claim 32, further comprising a plural-
ity of ranging devices for emitting the at least one signal.

38. The apparatus of claim 32, wherein the at least one
signal comprises a magnetic field.

39. The apparatus of claim 38, wherein the magnetic field
comprises a circular polarized magnetic field.

40. The apparatus of claim 32, wherein the wireless power
charging base further includes at least one mechanical device
configured for adjusting a position of the at least one antenna
in at least one of an X, Y, and Z direction.

41. The apparatus of claim 32, wherein the wireless power
charging base is embedded at least partially below a ground
surface.

42. The apparatus of claim 32, wherein the wireless power
charging base is configured as a mobile charging platform.
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