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A METHOD OF AND APPARATUS FOR DETECTING COIL ALIGNMENT ERROR IN
WIRELESS INDUCTIVE POWER TRANSMISSION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
61/862,572, filed August 6, 2013, the disclosure of which is incorporated herein by reference in

its entirety.

TECHNICAL FIELD

[0001] This patent application pertains to the transmission of electrical energy by
means of resonant magnetic induction. More specifically, it describes a method of and apparatus
for detecting axial misalignment of resonant inductive wireless power transfer coils and
providing an indication of the magnitude and direction of the alignment error so that the
alignment error can be minimized or eliminated thereby ensuring efficient wireless power

transfer.

BACKGROUND

[0002] Inductive power transmission has many important applications across multiple
industries and markets. FIG. 1 shows a conceptual representation of a conventional resonant
inductive power transmission system. In FIG. 1, DC power supply 10, inverter 12, and
resonating network 14 cooperate to provide a source of alternating electrical energy that is
applied to the primary induction coil 16. Magnetic coupling between the primary induction coil
16 and a secondary induction coil 18 transfers energy to the secondary induction coil 18, which
is removed by some distance from the primary induction coil 16. The primary and secondary
induction coils 16, 18 constitute a loosely coupled air core transformer. Resonance applied to the
primary induction coil 16 increases primary side inductor current producing a corresponding
increase in the magnetic flux in the secondary inductor current and, therefore, in the power
transferred from the primary to the secondary. The secondary inductor current is processed by a
resonating network 20 and is rectified by a high-power rectifier 22 for application to DC load 24
in a conventional manner.

[0003] Efficient resonant inductive wireless power transfer requires that a significant
portion of the magnetic flux lines emitted by the sending coil travel through the area contained
by the perimeter of the receiving coil so as to maximize magnetic coupling. Axial coil

misalignment significantly reduces coil-to-coil magnetic coupling and therefor detracts from
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efficient power transfer. Furthermore, axial coil misalignment alters coil inductance from
expected design values leading to loss of resonance and additional power transfer inefficiencies.
[0004] Coil axial alignment errors are encountered routinely and present a critical
problem for manufacturers of electric and electric-hybrid vehicles that require a wireless source
of external source of power. It is desired to develop a system for charging vehicles that identifies
the magnitude and direction of coil alignment error and provides steering information to a human
driver or non-human apparatus in order that the vehicle may be positioned with minimal coil

alignment error. The present invention addresses these needs in the art.

SUMMARY

[0005] An axial alignment error detection apparatus and associated method that meets
the afore-mentioned needs in the art includes several (e.g. four) arc segment eddy current coils
superimposed on the primary induction coil of a conventional resonant inductance wireless
power transmission system. The linear sections of the eddy coil perimeters align with the
forward-reverse and left-right axes of the primary induction coil. Each arc segment eddy current
coil connects to a bridge rectifier, and a switching element such as a field effect transistor. The
switching elements are activated singularly or in unison by a sequencer.

[0007] On the vehicle side of the wireless power transmission system, the secondary
induction coil connects to a resonating network, a high power rectifier, and a DC load as in
conventional resonant induction wireless power transmission systems. The axial alignment error
detection system of the invention adds a voltage detector including a low power rectifier, an
Analog-to-Digital Converter (ADC), a data link, a microcontroller, and a vehicle operator
interface to the conventional vehicle side resonant induction wireless power transmission system.

[0008] In operation, on the primary side of the resonant induction wireless power
transfer apparatus, a direct current power supply is generally driven by commercial alternating
line current. The resulting direct current powers an inverter stage that generates a square,
rectangular or sinusoidal waveform at the resonant frequency of the primary and secondary
induction coils. If the arc segment eddy current coil switching elements are all commanded into
the off state by the sequencer, the eddy current coils are effectively open circuited, no current
flows in the arc segment eddy current coils, and the operation of the conventional art resonant
induction wireless power transmission apparatus is not affected nor altered to any significant

extent.
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[0009] However, if one or more of the eddy current control elements are active, eddy
currents flow in the corresponding eddy current coils and, in accordance with Lentz’s law, the
eddy currents reduce the combined magnetic flux enclosed within the eddy coil perimeter,
thereby reducing the net magnitude of the primary coil flux in that quadrant. The sequencer
communicates to the vehicle side portion of the alignment apparatus which eddy current coils are
active during alignment error determination by means of a short ranged data link. Bridge
rectifiers allow conventional unidirectional semiconductor switching elements, such as field
effect or bipolar transistors, to control the alternating current present in an activated arc segment
eddy current coil. Alternatively, a unidirectional, alternating current semiconductor switch
comprising two field effect transistors connected source-to-source, and gate-to-gate can be used
for eddy current coil control elements in place of the single transistor, bridge rectifier
combination.

[0010] During the coil alignment measurement interval, spatial-temporal variations in
the primary coil flux induced by the eddy current coils are detected by a voltage detector
including the low power rectifier, converted to digital representation by the analog-to-digital
converter, and processed by the microcontroller. An active eddy current coil has the effect of
reducing the magnetic flux intercepted by the secondary induction coil, thereby reducing the
voltage generated by the low power rectifier.

[0011] Alignment may be detected by activating the eddy current coils sequentially. If
the primary and secondary induction coils are axially aligned, the magnetic flux field
disturbances induced by the individual eddy coils will have equal magnitude and there will be no
variations of the secondary induction coil detected voltage during the eddy current coil switching
sequence. If, however, the primary and secondary induction coils are misaligned, there will be
variations of the secondary induction coil detected voltage during the eddy current coil switching
sequence. The magnetic flux reduction effect is largest for those eddy current coils with the
greatest overlap of the secondary coils and the magnitude of the detected variation indicates the
extent of the overlap. Large overlaps create large variation and small overlaps generate
proportionally smaller variation.

[0012] Correspondence between the eddy current coil switch sequence and the largest
magnetic flux variation indicates the error vector direction, while the magnitude of the magnetic
flux variations indicates the error vector magnitude. Identification of which eddy current coil is
active is provided by the data link. Thus, the alignment error vector components, offset direction

and magnitude may be easily determined and communicated to the vehicle operator.
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[0013] The induction coil alignment apparatus is also used in non-vehicle applications
such as portable consumer electronic device chargers, such as those (e.g., PowerMat™) used to
charge toothbrushes, cellular telephones, and other devices. These and other embodiments of the

invention will be apparent to those skilled in the art from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. I shows a conceptual representation of a prior art resonant inductive power
transmission system.

[0007] FIG. 2 shows a prior art resonant inductive power transmission system with
alignment error detection apparatus in accordance with a first embodiment of the invention.

[0008] FIG. 3 shows a prior art resonant inductive power transmission system with
alignment error detection apparatus that functions without a vehicle to ground data link in

accordance with a second embodiment of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0009] An exemplary embodiment of the invention will be described with respect to
Figures 2 and 3 for use in charging electrically powered vehicles, although those skilled in the art
will appreciate that the teachings provided herein may be used to determine alignment error in
other non-vehicular resonant magnetic induction wireless power transfer systems. Such
embodiments are intended to be within the scope of the present disclosure.

[0010] Many methods to achieve coil alignment have been proposed employing
acoustic techniques, microwave and radio frequency techniques, combined acoustic-radio
frequency differential propagation velocity systems, ultra wideband systems, infrared, optical,
and video systems, video pattern recognition controlled robotic arms, differential GPS systems
and mechanical alignment aids such as vehicle tire guides and bumper stops. Each has
limitations including cost, complexity, and susceptibility to dirt, ice and moisture, lack of
sufficient accuracy, need for an unobstructed view of the sky, and the need for the addition of
apparatus beyond that already in place for wireless power transfer.

[0011]  An unaltered, un-supplemented wireless power transfer apparatus can give a
primitive indication of coil alignment error as, ignoring resonance de-tuning effects, transferred
power is maximized when alignment error is zero. Consequently, less than expected power
transfer implies some measure of misalignment. Because resonant inductive wireless power
transfer primary coils have axial symmetry, in the case of circular or square primary coils, or

quadratic symmetry in the case of rectangular or oval primary coils, the projected flux pattern is
-4 -
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symmetrical as well, making determination of alignment error azimuth impossible. The
alignment error magnitude may be supposed but not the error direction.

[0012] The solution to this problem in accordance with the invention is to introduce
spatial asymmetries in the magnetic flux field surrounding the primary induction coil that
thereby enable error azimuth determination. One way to do this is to add auxiliary coils
superimposed upon or just outside of the perimeter of the primary induction coil 16. FEach
auxiliary coil is driven by a generator to generate magnetic flux that can supplement or partially
cancel the magnetic flux generated by the primary induction coil 16 and in this way generate the
axial asymmetry needed for error vector determination. However, there are several practical
difficulties with this approach. First is the need for auxiliary coil drive circuitry beyond that
needed to drive the primary induction coil 16. A second difficulty arises from the resonance
generating network connected between the main power driver and the primary induction coil 16.
The phase shift of the resonating network makes the phase relationship between the primary
induction coil 16 and the primary induction coil currents somewhat ambiguous. Therefore, the
auxiliary coil drivers must monitor the primary induction coil current using it as a reference in
the generation of auxiliary coil currents, an undesirable requirement that increases apparatus cost
and complexity. Auxiliary coil current generation and control is further complicated by the
presence of substantial induced voltage in the auxiliary coils as well as auxiliary coil to auxiliary
coil mutual coupling which makes the drive point impedance, complex and potentially unstable.

[0013] The difficulties and complexities described above are avoided in the exemplary
embodiment shown in FIG. 2. The radial arc segment eddy current coils 36, 38, 40, and 42 arc
driven by magnetic induction; no auxiliary inverters are required and drive current phase
ambiguity is entirely avoided. Auxiliary inverter circuits for each radial arc segment eddy
current coil 36, 38, 40, and 42 are replaced with a bridge rectifier and switching transistor 48, 50,
52, and 54, respectively. The bridge rectifiers 48, 50, 52, and 54 allow control of bi-directional
eddy currents with a single unidirectional semiconductor switch, thereby enabling the
unidirectional, direct current switching device to allow or prevent the flow of induced eddy
currents in the associated eddy current coil 36, 38, 40, or 42. In an exemplary embodiment, the
primary induction coil 16 is operated at low power during the alignment error detection operation
thereby mitigating undesired parasitic eddy currents induced into the vehicle underbody and
excessive magnetic field leakage that can result during high power operation with significantly
misaligned primary and secondary induction coils 16, 18. It will be appreciated by those skilled
in the art that a unidirectional, alternating current semiconductor switch comprising two field
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effect transistors connected source-to-source and gate-to-gate can be used for eddy current coil
control elements in place of the single transistor, bridge rectifier combination illustrated in
Figure 2.

[0022] In accordance with Lentz’s law, eddy currents flowing in an activated eddy
current coil generate a magnetic flux in opposition to the incident magnetic flux field, thereby
diminishing the net magnetic flux field directly above the active eddy current coil. The locally
diminished magnetic flux field in turn reduces the magnitude of the voltage or current induced
into the secondary, vehicle side coil 18. If the primary and secondary induction coils 16, 18 are
axially aligned, all active eddy current coils 36, 38, 40, and 42 reduce the induced secondary coil
voltage or current to the same extent. However, if the secondary induction coil 18 is displaced
out of axial alignment, for example, to the back and to the right, the back-right eddy current coil
will influence the secondary induction coil induced voltage or current to a greater extent than the
other three eddy current coils with the degree of influence being proportional to the alignment
error magnitude. This means the direction and the magnitude of the alignment error is readily
determined by sequentially activating the eddy current coils 36, 38, 40, and 42 using sequencer
46 and noting the secondary coil induced voltage or induced current amplitude variations that
result. Secondary side alignment error determination requires knowledge of which eddy current
coil is active at all times during the alignment error determination process, with such knowledge
communicated to the secondary side microcontroller 30 by means of the data link including
primary side data link 44 and secondary side data link 32.

[0014] Consider the case where the sequencer 46 shown in FIG. 2 activates the arc

segment eddy current coils 36, 38, 40, and 42 in the sequence indicated in Table 1:

State | Coils Activated
1 Front Right
2 Back-Right
3 Back-Left
4 Front-Left

Table 1- Exemplary Sequencer Sequence
The fourth sequencer state is followed by return to the first state of the sequence and the pattern

repeats. During each equal duration sequencer state the secondary side microcontroller 30
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measures and records the secondary coil induced voltage, Enp by means of a voltage detector
such as low power rectifier 26, which provides the measured voltage to Analog-to-Digital
Converter (ADC) 28 for digitization prior to application to microcontroller 30.
[0015] In this example, Front-Back alignment error is determined as:
AEpp = [ Enp-r TEmp#r | - [ Envp-sL TEmp-pr |
Where AFEgg is the Front-Back alignment error,

Enp.pr is the secondary coil voltage with the Front-Left eddy current coil activated,

Einp.pr is the secondary coil voltage with the Front-Right eddy current coil activated,

Emnp.pr 18 the secondary coil voltage with the Back-Left eddy current coil activated, and

Enpopr is the secondary coil voltage with the Back-Right eddy current coil activated.
When AEpz =0, the Front-Back alignment error is zero,

AErg >0, the vehicle is too far to the front and |AErr| indicates the error magnitude, and

AEgpg <0, the vehicle is too far to the back and |AEgg| indicates the error magnitude.

[0016] In this example, Left-Right alignment error is determined as:

AErr = [ Enprr *EnobL ] - [ Enp-rr TEnp-BR |
Where AE;g is the Left-Right alignment error,

Enp.pr is the secondary coil voltage with the Front-Left eddy current coil activated,

Emp-pr 1s the secondary coil voltage with the Back-Left eddy current coil activated,

Einp.pr is the secondary coil voltage with the Front-Right eddy current coil activated, and

Enpopr is the secondary coil voltage with the Back-Right eddy current coil activated.
When AE;r =0, the Left-Right alignment error is zero,

AEr >0, the vehicle is too far to the left and |AER| indicates the error magnitude, and

AFErr <0, the vehicle is too far to the right and |AErR| indicates the error magnitude.

[0017] Right-to-left and front-to-back alignment error magnitudes may be combined
into a single alignment error vector by use of conventional vector arithmetic known to those
skilled in the art. Any misalignment of the primary and secondary induction coils 16, 18 is
communicated to the user/vehicle operator via a vehicle operator interface 34 so that the
appropriate adjustments may be made by the user/vehicle operator to improve the alignment of
the primary and secondary induction coils 16, 18.

[0018] Those skilled in the art will appreciate other sequencer switching patterns are
possible including sequential activation of single or multiple eddy current coils 36, 38, 40, and
42 in a clockwise or counter-clockwise pattern or simultaneous activation of several or all eddy
current coils 36, 38, 40, and 42 with each coil driven by a unique clock with error magnitude

-7-
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and direction determined by means of mathematical processing of the resulting secondary
induction coil induced voltage.

[0019] FIG. 3 shows a second embodiment that eliminates the need for a primary side-
to-secondary side data link 44, 32. In this embodiment, the sequencer 46 drives all four arc
segment eddy current coils 36, 38, 40, and 42 simultancously with the front-left coil driven by a
square wave clock at frequency fj, the front-right eddy coil driven at frequency f5, the back-right
eddy current coil driven at frequency f3, and the back-left eddy current coil driven at frequency
f;.  The frequency difference between the highest and the lowest frequency should be less than
an octave to avoid confusion of generated actual clock frequencies and clock frequency
harmonics possibly generated by distortion. For example, the four sequencer clock frequencies
f1, £, f3, and f4, could be 800, 900, 1000 and 1100 Hertz. Also, rectangular wave and sinusoidal
waveforms may also be used at the respective frequencies fi-f,, where n is the number of eddy
current coils.

[0020] On the secondary side, the microcontroller 30 examines the data time series
gencrated by the Analog-to-Digital-Converter 28 and performs a fast Fourier transform or similar
time domain to frequency domain conversion on the ADC data time series. FFT parameters are
selected such that each sequencer clock tone falls uniquely into a single frequency domain bin.
In this way, the FFT operation by microcontroller 30 determines the relative contributions of the
quadrature eddy current coils 36, 38, 40, and 42. Equal sequencer clock tone amplitudes indicate
zero alignment error. Unequal clock tone amplitudes indicate an alignment error and the clock
tone amplitude ratios indicate the magnitude and direction of the alignment error.
Microcontroller FFT computation requirements are low because high frequency resolution is not
required and the number of FFT arithmetic calculations is low. A data link is not required
because each eddy current coil is uniquely identified by its specific modulation frequency.

[0021] The number of eddy current coils 36, 38, 40, and 42 and the coil arc width may
vary. For example, four overlapping “D” shaped coils each covering a 180 degree arc width
segment, two coils for front-back error determination and another two coils used for left-right
error determination may be used. Alternatively, three, non-overlapping eddy current coils each
covering a 120 degree arc can be used. Furthermore, a large number of eddy current coils may
be used each encompassing an arc width segment less than 90 degrees to improve alignment
error accuracy and resolution.

[0022] In addition, rectifier configurations other than the bridge rectifier configuration

may be used for eddy current coil control. Also, the rectifier-transistor eddy current control pair
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may be replaced with a bi-directional control device such as a relay closure, a TRAC diode, or
similar device. Also, with appropriate circuit switching and overload protection, the low power
rectifier block 26 in FIG. 2 and FIG. 3 may be eliminated with the high power rectifier 22 used
instead.

[0023] Further, while the disclosure contained herein pertains to the provision of
electrical power to vehicles, it should be understood that this is only one of many possible
applications, and other embodiments including non-vehicular applications are possible. For
example, those skilled in the art will appreciate that there are numerous applications of induction
coil alignment in non-vehicle applications such as portable consumer electronic device chargers,
such as those (e.g., PowerMat™) used to charge toothbrushes, cellular telephones, and other
devices. Such devices use one or more windings and alignment is an issue. Even with
overlapping coils, the alignment technology described herein may help to increase the power
transfer. In an exemplary embodiment for a cell phone charger, an app or other notifying means
is loaded onto the cell phone that causes the cell phone to make a sound or vibrate when properly
aligned over the charging coil. This is particularly useful for vehicle applications where it is
desirable to indicate alignment of the phone with the charger without the driver having to look
down. Accordingly, these and other such applications are included within the scope of the

following claims.
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What is Claimed:

1. An apparatus for detecting coil alignment error in a wireless resonant inductive power
transmission system comprising a primary inductive coil and a secondary inductive coil arranged
to constitute a loosely coupled air core transformer whereby power in the primary inductive coil
is transferred to the secondary inductive coil when the primary inductive coil is activated,
comprising:

at least two arc segment eddy current coils superimposed on the primary inductive coil,
said at least two arc segment eddy current coils arranged to correspond with respective sectors of
the primary inductive coil whereby an active eddy current coil has the effect of reducing a
magnetic flux intercepted by the secondary inductive coil;

a switch connected to each arc segment eddy current coil;

a sequencer arranged to selectively activate said switches singularly or in unison in a
switching sequence; and

a voltage detector that detects voltage variations in the secondary inductive coil during
said switching sequence, whereby alignment of said primary inductive coil and said secondary
inductive coil is detected by activating the eddy current coils sequentially and measuring
detected voltage variations of the secondary inductive coil during the eddy current coil switching
sequence, and whereby correspondence between the eddy current coil switching sequence and a
largest magnetic flux variation of said secondary inductive coil indicates an error vector direction
and a magnitude of magnetic flux variations of the secondary inductive coil indicate an error

vector magnitude.

2. The apparatus of claim 1, further comprising a bridge rectifier connected to each
arc segment eddy current coil to control an alternating current present in an arc segment eddy

current coil that is sequentially activated according to said switching sequence.

3. The apparatus of claim 1, wherein each of said switches comprises a
unidirectional, alternating current semiconductor switch comprising two field effect transistors

connected source-to-source and gate-to-gate.

4. The apparatus of claim 1, further comprising a wireless data link between said

sequencer and said voltage detector, said data link communicating an indication of which eddy
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current coil is active at all times during an alignment error detection process from said sequencer

to said voltage detector.

5. The apparatus of claim 1, wherein said voltage detector comprises a low power
rectifier and an analog-to-digital converter that converts an output of said low power rectifier to
digital data that is processed by a microcontroller to detect said correspondence between the
eddy current coil switching sequence and a largest magnetic flux variation of said secondary

inductive coil and a magnitude of said magnetic flux variations of the secondary inductive coil.

6. The apparatus of claim 5, further comprising a user interface connected to said
microcontroller for display of said error vector direction and said error vector magnitude to a
user of said apparatus for use in adjustment of alignment of said primary inductive coil and said

secondary inductive coil using said error vector direction and said error vector magnitude.

7. The apparatus of claim 6, wherein said primary inductive coil is interfaced to a
charger, said secondary inductive coil is interfaced to a vehicle, and said user interface provides

said error vector direction and said error vector magnitude to an operator of said vehicle.

8. The apparatus of claim 1, wherein the sequencer drives each arc segment eddy

current coil simultaneously at different clock frequencies.

0. The apparatus of claim &, wherein said sequencer drives each arc segment eddy
current coil with a square wave, a rectangular wave, or a sinusoidal waveform at different clock

frequencies.

10. The apparatus of claim 8, wherein said voltage detector comprises a low power
rectifier and an analog-to-digital converter that converts an output of said low power rectifier to
digital data that is processed by a microcontroller to detect said correspondence between the
eddy current coil switching sequence and a largest magnetic flux variation of said secondary

inductive coil and a magnitude of said magnetic flux variations of the secondary inductive coil.

11. The apparatus of claim 10, wherein said microcontroller processes a digital data
time series output by said analog-to-digital converter by performing a time domain to frequency
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domain conversion of the digital data time series and selecting time domain to frequency domain
conversion parameters such that each clock tone of said sequencer falls uniquely into a single
frequency domain slot, whereby said microcontroller determines relative contribution of said arc
segment eddy current coils from clock tone amplitudes and clock tone amplitude ratios so as to
determine a magnitude and direction of in said single frequency domain slots corresponding to

each of said each arc segment eddy current coils.

12. The apparatus of claim 1, further comprising four overlapping “D” shaped eddy
current coils, each covering a 180 degree arc width segment of said primary inductive coil,
wherein two of said “D” shaped eddy current coils provide front-back error determination and

another two of said “D” shaped eddy current coils provide left-right error determination.

13. The apparatus of claim 1, further comprising three non-overlapping eddy current
coils, each of said non-overlapping eddy current coils covering a 120 degree arc width segment

of said primary inductive coil.

14. The apparatus of claim 1, wherein said primary inductive coil is part of a portable
consumer electronic device charger and said secondary inductive coil is part of a portable

consumer electronic device.

15. The apparatus of claim 14, further comprising notifying means for notifying a
user when the portable consumer electronic device is properly aligned with the portable

consumer electronic device charger during a charging operation.

16. A method of detecting of coil alignment error in a wireless resonant inductive power
transmission system comprising a primary inductive coil and a secondary inductive coil arranged
to constitute a loosely coupled air core transformer whereby power in the primary inductive coil
is transferred to the secondary inductive coil when the primary inductive coil is activated,
comprising the steps of:

arranging at least two arc segment eddy current coils so as to be superimposed on the

primary inductive coil and to correspond with respective sectors of the primary inductive coil;

- 12-



WO 2015/021144 PCT/US2014/049928

selectively activating said arc segment eddy current coils singularly or in unison in a
switching sequence, whereby an active eddy current coil has the effect of reducing a magnetic
flux intercepted by the secondary inductive coil;

detecting variations of a detected voltage of the secondary inductive coil during said
switching sequence; and

detecting alignment of said primary inductive coil and said secondary inductive coil by
activating the eddy current coils sequentially and measuring detected voltage variations of the
secondary inductive coil during the eddy current coil switching sequence, whereby
correspondence between the eddy current coil switching sequence and a largest magnetic flux
variation of said secondary inductive coil indicates an error vector direction and a magnitude of

magnetic flux variations of the secondary inductive coil indicate an error vector magnitude.

17. The method of claim 16, wherein each arc segment eddy current coil is

sequentially activated according to said switching sequence.

18. The method of claim 17, further comprising communicating an indication of
which eddy current coil is active at all times during an alignment error detection process from a
sequencer that generates said switching sequence to a processor that determines whether said

primary inductive coil and said secondary inductive coil are aligned.

19. The method of claim 16, further comprising displaying said error vector direction
said error vector magnitude to a user of said wireless resonant inductive power transmission
system to enable the user to adjust alignment of said primary inductive coil and said secondary

inductive coil using said error vector direction and said error vector magnitude.

20. The method of claim 16, wherein selectively activating said arc segment eddy
current coils comprises activating each arc segment eddy current coil simultaneously at different

clock frequencies.
21. The method of claim 20, wherein selectively activating said arc segment eddy

current coils comprises activating each arc segment eddy current coil simultaneously with a

square wave, a rectangular wave, or a sinusoidal waveform at different clock frequencies.
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22.  The method of claim 16, wherein detecting variations of a detected voltage of the
secondary inductive coil during said switching sequence comprises converting an output of a
voltage detector on a secondary side of said wireless resonant inductive power transmission
system to digital data that is processed by a microcontroller to detect said correspondence
between the eddy current coil switching sequence and a largest magnetic flux variation of said
secondary inductive coil and a magnitude of said magnetic flux variations of the secondary

inductive coil.

23. The method of claim 20, wherein measuring detected voltage variations of the
secondary inductive coil during the eddy current coil switching sequence comprises said
microcontroller processing a digital data time series of said digital data by performing a time
domain to frequency domain conversion of the digital data time series and selecting time domain
to frequency domain conversion parameters such that each clock tone of said switching sequence
falls uniquely into a single frequency domain slot, and said microcontroller determining relative
contribution of said arc segment eddy current coils from clock tone amplitudes and clock tone
amplitude ratios so as to determine a magnitude and direction of in said single frequency domain

slots corresponding to each of said each arc segment eddy current coils.

24, The method of claim 16, further comprising displaying said error vector direction
and said error vector magnitude to a user of said wireless resonant inductive power transmission
system for use in adjustment of alignment of said primary inductive coil and said secondary

inductive coil using said error vector direction and said error vector magnitude.

25. The method of claim 24, wherein said primary inductive coil is interfaced to a
charger and said secondary inductive coil is interfaced to a vehicle, further comprising providing

said error vector direction and said error vector magnitude to an operator of said vehicle.

26. The method of claim 16, wherein said primary inductive coil is part of a portable
consumer electronic device charger and said secondary inductive coil is part of a portable
consumer electronic device, further comprising the step of notifying a user when the portable
consumer electronic device is properly aligned with the portable consumer electronic device

charger during a charging operation.
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