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(57) Abstract: A vehicle alignment system is adapted to align a vehicle with a wireless power induction coil for wireless charging
through use of magnetic resonant induction. The system includes a transmission line disposed in the parking slot so as to guide the
vehicle to the wireless power induction coil for charging. The transmission line leaks a signal having an operating frequency that is
detected to align the vehicle left-right in the parking slot when the vehicle is aligned for charging by the wireless power induction coil.
At least two vehicle mounted antennas mounted on opposite sides of transmission line when the vehicle is aligned in the parking slot
detect the operating frequency from the transmission line, and signal processing circuitry detects a relative signal phase between signals
detected by the antennas. The relative phase differences between the detected signals from the antennas are representative of alignment
of the vehicle with respect to the wireless power induction coil and the parking slot.
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ALIGNMENT OF VEHICLES PRIOR TO WIRELESS
CHARGING

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This patent application claims the benefit of priority to United
States Patent Application Serial No. 16/030,036, filed July 9, 2018, the
contents of which are hereby incorporated by reference herein in their

entirety.

TECHNICAL FIELD
[6002] This patent application describes a vehicle alignment system as

it pertains to wireless charging through use of magnetic resonant induction.

BACKGROUND

16063} Resonant induction wireless charging makes use of an air core
transformer consisting of two concentric coils displaced along a common
coil axis. Transformer coupling coefficient and wireless power transfer
efficiency ts degraded if the primary and secondary coils are not axially
aligned. For vehicle wireless charging this means some provision must be
made so that the vehicle parking position 1s precise and repeatable in order to

ensure cotl axial alignment.

SUMMARY

(6004} A vehicle alignment system aligns a vehicle with a wireless
power induction coil for wireless charging through use of magnetic resonant
induction. The system includes a transmission line leaking a signal having an
operating frequency and that is disposed in a parking slot containing the
wireless power induction coil.  The transmission line guides the vehicle to
the wireless power induction cotl for charging. At least two vehicle mounted
antennas mounted on respective sides of] and preferably symmetrically with

respect to, the transmission line when the vehicle is aligned in the parking
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slot detect the signal that leaks from the transmission line. Signal processing
circuitry detects a relative signal phase between the signals received by the
antennas on opposite sides of the transmission line. The relative phase

differences between the detected signals from the antennas are representative

L

of alignment of the vehicle left-right with respect to the transmission line.
16005} In sample embodiments, the transmission line leaks a signal at an

operating frequency and is disposed along or parallel to but offset from a

centerline of the parking slot or is curved along a trajectory to guide the vehicle

to the wireless power induction cotl in the parking slot. The transmission line

10 may comprise a 300 ohm characteristic impedance transmission line or a 50 or
75 ohm coaxial cable with slots in outer shielding of the coaxial cable and a
termination resistor that is matched to a charactenistic impedance of the coaxial
cable. In sample embodiments, the signal processing circuitry includes a
frequency modulation receiver for detection of relative phase differences

13 between the signals detected by the respective antennas as determined by vehicle
parking slot alignment, where the phase differences are induced by sequential
switching when the antennas are not an equal distance from the transmission
line. The signal processing circuitry may also include an antenna switch that
switches between two or more vehicle mounted antennas. The signal processing

20 circuitry may further include a synchronous detector responsive to antenna
switching frequency components present in the output of the frequency
modulation recetver, a voltage comparator that determines alignment error
polarity from an output of the synchronous detector, and an absolute value
circuit that determines alignment error magnitude from the output of the

25 synchronous detector. The system may also include visible, audible, or tactile
means for directing the driver to adjust the alignment of the vehicle in response
to the alignment error polarity and the alignment error magnitude. In a sample
embodiment, the operating frequency is the 40.68 MHz or the 13.56 MHz ISM
frequency, although frequencies up to 61.5 MHz or more may be used depending

30 upon the dimensions of the parking space and the spacing of the antennas on the

vehicle.

[9066] A method 1s also provided for aligning a vehicle with a wireless
power induction cotl for wireless charging through use of magnetic resonant

induction. A transmission line disposed in the parking slot leaks a signal having
2
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an operating frequency and is disposed tn the parking slot so as to guide the
vehicle to the wireless power induction coil for charging. The vehicle is aligned
jeft-right in the parking slot relative to the transmission line using at least two

vehicle mounted antennas mounted on opposite sides the transmission line when

(51

the vehicle is aligned in the parking slot. The antennas detect the signal having
the operating frequency that leaks from the transmission line and alignment of
the vehicle 15 adjusted relative to the wireless power induction coil based on
relative phase differences between the detected signals from the antennas as
representative of alignment of the vehicle with respect to the transmission line.
10 18007} The method may also include switching between two or more
vehicle-mounted antennas and detecting relative phase differences between
the signals detected by the respective antennas wherein the phase differences
are induced by sequential switching when the antennas are not an equal
distance from the transmission hine. The sequential switching includes a
13 synchronous detector responsive to antenna switching frequency components
present in the output of the frequency modulation recetver switching
between the antennas, a voltage comparator determining alignment error
polarity from an output of the synchronous detector, and an absclute value
circuit determining alignment error magnitude from the output of the
20 synchronous detector.  The adjusting step may also comprise directing the
driver to adjust the alignment of the vehicle in response to the alignment
error polarity and the alignment error magnitude using visible, audible, or

tactile means.

25 BRIEF DESCRIPTION OF THE DRAWINGS
{6008} The foregoing and other beneficial features and advantages of
the systems and methods described herein will become apparent from the
following detaited description in connection with the attached figures, of
which:
30 [6009] Figure 1a shows a representation of a vehicle parking slot with
an induction wireless power sending coil and an alignment system including
a transmission line coincident with the parking slot center line.
{8010} Figure 1b shows a representation of a vehicle parking lot with
angled parking slots, induction wireless power sending coils, and an
3
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alignment system that includes curved transmission lines that assist in
guiding a vehicle to the proper location within the parking slot for charging.

{6011} Figure 1c shows a representation of a bus approaching an
inductive charging location after a turn whereby a long curved transmission line
of the alignment systern ensures proper trajectory to get into alignment at the
charging cotil.

[6012] Figure 2a shows a conceptual representation of the apparatus
for vehicle parking alignment in accordance with a sample embodiment.

{0013} Figure 2b shows a representative relationship between vehicle
antenna phase difference and vehicle alignment.

{0014} Figure 3a shows an embodiment of the parking slot radio
frequency source and transmission line implemented as a 300 Ohm balanced
transmission line.

{0013} Figure 3b shows an alternate embodiment of the parking slot
radio frequency source and transmission line implemented as a terminated 50
or 75 Ohm coaxial cable with specially designed slots in the outer conductor
or shield.

{0016} Figure 4 shows an embodiment of the antenna commutation
switch and associated circutiry.

{8017} Figure 5 shows an embodiment of the post FM receiver signal

processing circuitry.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
{0018} The inventive systems and methods may be understood more
readuly by reference to the following detailed description taken 1n connection
with the accompanying figures and examples, which form a part of this
disclosure. It is to be understood that systems and methods are not limited to
the specific products, methods, conditions or parameters described and/or
shown herein, and that the terminology used herein is for the purpose of
describing particular embodiments by way of example only and is not intended
to be hmiting. Similarly, any description as to a possible mechanism or mode of
action or reason for improveraent 1s meant to be tllustrative only, and the
systems and methods described herein are not to be constrained by the
correctness or incorrectness of any such suggested mechanism or mode of action
4
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or reason for improvement. Throughout this text, it is recognized that the
descriptions refer both to methods and sofiware for implementing such methods.

(8619} A detailed description of tlustrative embodiments will now be
described with reference to FIGURES 1-5. Although this description provides a
detailed example of possible implerentations of the systems and methods
described herein, it should be noted that these details are intended to be by way
of example only and i no way delimit the scope of the claimed subject ruatter.

(8628} Figure 1a is a schematic representation of an automotive parking
slot 10. The wireless power transfer primary cotl 12 1s shown near the head of
the parking slot 10, although the wireless power transfer primary coil 12 could
also be located at the foot of the parking slot 10 or elsewhere within the parking
slot boundaries. No matter what the priroary coil location, the vehicle must be
parked within the indicated boundaries of the parking slot 10. A buried or
surface mounted transmission line 14 extends along the parking slot centerline.
This transmission line 14, connected to a low power continuous wave radio
frequency source 20 (Figure 2), creates a localized radio frequency field used by
the vehicle mounted electronics to determine vehicle alignment within the
perimeter of the parking slot 10, The transmission line 14 can vary in length and
orientation from the short and straight embodiment shown in Figure 1a or longer
and curved as shown in Figures 1b and lc.

[8021] Figure 1b 13 a representation of a series of angled parking slots 10
The wireless power transfer primary coil 12 is shown in each of the angled
parking slots 10 near the head-end. A buried or surface mount transmission line
14 runs within the parking slot along the centerline and extends out of the
parking slot, curving into the lane of vehicle travel along a trajectory to guide the
vehicle to the wireless power induction coil 12 in the parking slot 10. A vehicle
IS travels in a direction from right to left and receives the alignment signal from
the transmission ling and a low power continuous wave radio frequency source
20 (Figure 2} for the appropriate slot where a charging primary cotl 12 is
available. The vehicle 15 uses the alignment signal from the transmission line
14 in conjunction with recetve antennas on the vehicle 15 as described below
with respect to Figure 2.

18022} Figure 1c is a representation of a bus 16 approaching a wireless

inductive charging station including wireless power induction coil 12 after

5
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completing a turn. It is important that the bus 16 be properly aligned at the
wireless power induction cotl 12, and proper turning radius and location is
critical in achieving the correct trajectory. In this example, transmission line 14

has a length many tens of feet long and embedded in the roadway 17 with the

(51

proper orientation to consistently guide the bus 16 along the correct path for
proper alignment at the charging coil 12.

16023} Figure 2a1s ablock diagram representation of the alignment
electronics. On the ground, there ts a radio frequency source 20 and alength
of transmission line 14. On the vehicle, there are two small antennas 22, 24
10 mounted equal distant to the left and the right of the vehicle centerline. Those

skilled in the art will appreciate that the antenna 22, 24 could also be offset
(not equidistant) provided the offset 1s accounted for in the detected phase
offset. The antennas 22, 24 are connected by coaxial cable 20 to an antenna
switch 28. The antenna switch 28 1s controlled by the antenna commutation
15 clock 30to alternately connect one then the other antenna 22, 2410 a
conventional frequency modulation radio receiver 32. In a sample
embodiment, the commutation signal s a 50% duty cycle square wave.
0024] When the two receiving antennas 22, 24 are placed equal distant
from the transmission line 14 as is the case when the vehicle is symmetrically
20 aligned within the parking slot 10 perimeter, the commutating action of the
antenna switch 28 has no effect upon the receiver signal. The amplitude and
the phase of the two antenna input signals 31 are identical and there is no
response from the receiver 32. However, if the vehicle is mis-aligned within
the parking slot 10, the vehicle antennas 22, 24 are no longer symmetrical
25 with respect to the transmission line 14. The antenna switching action then
introduces signal amplitude and phase perturbations at the commutation rate.
The signal from the antenna closer to the transmission line 14 will have
larger amplitude and leading phase with respect to the more distant antenna.
The frequency modulation receiver 32 ignores the amplitude perturbations
30 but detects the phase perturbations, frequency being the time rate of change
of phase, thereby replicating the antenna switch commutation signal in the
recetver audio output 34, The receiver audio commutation signal replica is altered
by the limited recetver bandwidth. If the commutating signal frequency is above the
receiver recovered audio pass band, there is no recovered commutation signal. If the

6
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commutating signal frequency 1s just above the lower receiver audio pass band
frequency, the recovered commutation signal will approximate the original
commutation square wave albeit low pasg filiered by the receiver apper audio pass
band limit. A comptation signal frequency in the upper half of the receiver audio
pass band leads to a largely sinusoidal recovered audio signal.

186025} As further illustrated in Figure 2a, the audio output 34 is
provided to synchronous detector 36 to detect the phase differences between
the respective antenna signals, and output signals representative of any mis-
alignments are provided to a voltage comparator 38 to determine alignment
error polarity based on which signal has a leading phase or iagging phase and
to an absolute value detector 40 that determines the alignment error
magnitude. To saraple embodiments, the alignment error polarity and
alignment error magnitude signals are provided to a display device and other
audiovisual means to provide feedback to the driver for adjusting the vehicle
in the parking slot 10 with respect to the wireless power induction coil 12

(6026} Figure 2b depicts an example representation of phase differences
between the respective alignment antennas as a function of the alignment error
or displacement from centerline.

{60271 The system maximum operating frequency provided by radic
frequency source 20 is set by the separation between the two vehicle
mounted antennas 22, 24 which must be less than the width of the vehicle.
In the United States, the average parking slot width is about nine feet.
Automobiles are typically no more than 8 feet wide. In order to avoid phase
ambiguity, the two sensing antennas 22, 24 must be spaced no more than A/2
apart at the operating frequency. For two sensing antennas separated by eight
feet, the maximum system operating frequency is about 61.5 MHz. Higher
frequencies and narrower antenna spacing is possible if the vehicle driver
can be assumed to enter the parking slot with an initial alignment error less
than 2 of the parking slot width. Higher operating frequencies are also
possible with the use of more than two vehicle mounted antennas with the
additional antenna or antennas used to resclve phase ambiguity. Those
skilled in the art will appreciate that there i1s no lower himit on the system
operating frequency except the signal to noise ratio of alignment error

becomes progressively worse as the operating frequency is lowered.

7
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{0028} The apparatus described herein provides for vehicle alignment
left-right with respect to the parking slot centerline. Vehicle left-right mis-
alignment is indicated to the driver by visible, audible or tactile means. A

visual indication can be an illuminated indicator, a graphical display or

L

software generated graphical overlay imposed upon a video camera image.

An audible indication may be a continuous or pulsating sound or a software

generated speech synthesizer. Tactile indication can be provided by the

vehicle steering wheel or steering mechanism, gear shift lever, the driver's

seat or through the vehicle floor or through tloor mounted vehicle control

10 pedals. Driver visual cues or technical means described, for example, in U.S.
Provisional Patent Application No. 61/862,572, filed August 6, 2013, may
be used to indicate and control where the aligned vehicle should stop for
axial coil alignment in the front-back directions for assurance that the driver
pulls far enough into the parking slot 10 to align the magnetic coils for

15 charging.

6029} Figures 3a and 3b illustrate sample embodiments of the
transmission line 14. In particular, Figure 3a shows the radio frequency
source 20 and a buried or surface mounted transmission line 14 that leaks a
signal at the operating frequency. In this embodiment, a2 40.6&8 MHz, fifty-

20 ohm impedance continuous wave radio frequency source 20 provides radio
frequency excitation. A power level of about 1T mW is used. A mini-circuits
RF transformer 42, model number ADT 4-67T is used as an impedance
matching balun. The transmission line 14 is implemented with a length of
ordinary 300-chm characteristic impedance balance transmission line. While
25 this transmission line 18 not designed to be leaky, there is sufficient leakage
to be picked up by antennas 22, 24 in sample embodiments. A 300-chm
resistor 44 terminates the end of the balance line in order to eliminate
retlections and standing waves. The transmission line does not have to be
balanced; a leaky un-balanced coaxial line would be equally suitable.
30 Alternatively, other transmission line impedances such as 50 or 75-chm
coaxial cable with slots in the outer shielding could equally be used. Figure
3b depicts an unbalanced 50 or 75 Ohm coaxial cable transmission line 147
with specially designed slots 43 and termination resistor 45 that is matched
to the coaxial cable’s characteristic impedance.
8
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{8030} Figure 4 shows the circuitry assoctated with the antennas 22,
24, antenna commutating switch 28, and commutation clock 30 of Figure 2.
The antennas 22, 24 inchude rectangular spirals fabricated on a printed circuit
board to ensure antenna-to-antenna consistency. The number of turns for the
rectangular spirals depends on the desired value of inductance for the
antenna that will be resonated with capacitance to achieve the desired
response at the operating frequency. In a sample configuration, ten tum
rectangular spirals were used for antennas 22, 24, The antennas 22, 24 are
electrically small and are not resonant at the operating frequency without the
employment of an additional capacitance. Each antenna 22, 24 ts connected
to a length of ordinary 50-ohm characteristic impedance coaxial cable 26.
The two cables 26 are equal in length when the antennas are symmetrically
spaced with respect to the centerline of the vehicle and each has a ferrite
sleeve 46 including several ferrite beads slipped over the cable 26 at the ends
connected to the antennas 22, 24 to serve as baluns and to suppress RF
currents that would otherwise be induced on the cable outer conductors.
Induced RF currents introduce significant system errors and must be
suppressed. An operation frequency of 40 68 MHz is used in a sample
embodiment. This frequency is near optimum for this application and is
atllocated nationally and internationally for ISM (Industrial, Scientific and
Medical) uses which include RF heating, Doppler based frequency or phase
sensitive motion and intrusion alarms, diathermy, cauterization and other
non-communtcations uses. {SM frequencies are set aside for non-
communications uses, but they can also be used for communications 1f the
users are witling to accept the possibility of radio interference from the
primary ISM applications. The advantage for doing so is significantly
reduced equipment certification and spectrum allocation regulatory burdens.
As the maximum range of the vehicle alignment system described hereinis a
few feet at most, the probability of radio interference from other 40.68 MHz
ISM frequency users is quite remote.

(6031} An RC oscillator 30 comprised of two logic inverters 48,
resistors R6 and R7 along with capacitor C6 generates a rectangular wave
signal at twice the desired antenna commutation frequency which is then

divided by 2 by a D flip-flop 30, thereby generating a commutation clock at
9
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the desired frequency with 50-50 duty cycle. Components R, R3, R4, Di,
D2, and LI comprise a diode RF switch 28 controlled by the Q and not
flip-flop outputs. RZ, R5, C4, and C3 slow the leading and trailing edges of

the switch control waveform thereby limiting switching transients. R8, C8

(51

and associated logic inverters 52 delay the antenna commutation clock
control signal to compensate for the receiver delay.
16032} Figure 5 shows the post receiver signal processing circuitry.
The output of the antenna commutation switch 28 goes to the antenna input
of a conventional narrowband FM recerver 32. The circuit includes a
10 consumer grade pocket sized scanning receiver, a Uniden BC72XLY
compact scanner, but any narrowband VHF FM receiver implementation,
analog or digital, hardware or software is acceptable. Vehicle alignment
error appears in the receiver audio output as a bandwidth limited square
wave at the antenna commutation clock frequency. Square wave magnitude
13 indicates alignment error magnitude; square wave polarity indicates
alignment error direction, left or right. Synchronous detection then produces
a DC voltage with amplitude proportional to alignment error and with
polarity indicating alignment error direction.
10633} The two op-amps 54 amplify the audio signal from the FM
20 receiver by gains of one and minus one. Integrated circuit 56 contains three
single-pole double throw (SPDT) CMOS FET switches one of which is used as a
synchronous rectifier driven by the delayed antenna commutation switch control
signal. A low pass filter 58 comprised of resistor R16 and capacitor Cl { follows
the SPDT switch 56 removing all commutation frequency ripples leaving a
25 direct current signal with amplitude proportional to vehicle misalignment and
polarity determined by the direction of the vehicle alignment error, left or right
of the parking slot centerline. An absolute magnitude circuit recovers the
magunitude of the vehicle displacement error while a voltage comparator
determines the errorpolarity.
30 (8634} The two op-amps 60, 62 are used as a post RC low pass filter
buffer amplifier and as a zero-reference voltage comparator, respectively. The
components associated with transistor 64 keep the op-amp section out of voltage
saturation thereby avoiding the subtle problems sometimes experienced when

using op-amps in an open-loop connection as voltage comparators. The voltage
10
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comparator 38, implemented by op-amp 62, provides a logic level signal that
indicates the polarity of the alignment error, left or right. Op-amps 66 and
associated components comprise an absolute value detector 40 providing a

unipolar representation of the alignment error magnitude independent of the

L

polartty of the post synchronous detector signal.

8035} In the implementation described above, the vehicle dual sense
antennas 22, 24 and the transmission line 14 are mounted along the vehicle
centerline and parking slot center ling, respectively. Offset locations as might be
required to avoid vehicle underbody and parking slot obstacles can be
10 accommodated by including the appropriate offset correction in the post

synchronous detector hardware or software. In the latter situation, the required
offset correction is provided by the ground to vehicle communicationslink.
[6036] While various implementations have been described above, it
should be understood that they have been presented by way of example only, and
15 not limitation. For example, any of the elements associated with the systems and
methods described above may employ any of the desired functionality set forth
hereinabove. Thus, the breadth and scope of a preferred implementation should

not be limited by any of the above-described sample implementations.

20
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CLAIMS

We claim:

1. A vehicle alignment system for aligning a vehicle with a wireless power

(51

induction coil in a parking slot for wireless charging through use of magnetic

resonant induction, comprising:

a transmission line disposed in the parking slot 50 as to guide the vehicle

to the wireless power induction coil for charging, the transmission line leaking a

signal having an operating frequency;

10 at least two vehicle mounted antennas mounted on opposite sides of the
transmission line when the vehicle 1s aligned in the parking slot, said antennas
detecting said signal having said operating frequency that leaks from the
transmission line; and

signal processing circuitry that detects a relative signal phase between
13 signals detected by the antennas on opposite sides of the transmission line,
wherein relative phase differences between the detected signals from the
antennas are representative of alignment of the vehicle left-right with respect to

the transmission line.

20 2. A system as in claim 1, wherein the transmission line is disposed along a
centerline of the parking slot.
3. A system as in claim 1, wherein the transmission line is parallel to but

offset from a center line of the parking slot.

25
4. A system as in claim 1, wherein the transmission line is curved along a
trajectory to guide the vehicle to the wireless power induction coil in the parking
slot.

30 5. A system as in claim 1, wherein the operating frequency is below 61.5
MHz.
6. A system as in claim 5, wherein the operating frequency is 40.68 MHz.
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7. A system as in claim 5, wherein the operating frequency is 13.56 MHz.
g A systen as in claim 2, wherein the vehicle mounted antennas are offset

symmetrically from a centerline of the vehicle.

9. A system as in claim 1, wherein the signal processing circuitry includes

an antenng switch that switches between two or more vehicle mounted antennas.

10. A system as in claim 1, wherein the signal processing circuitry detects a
relative signal phase between signals detected by the antennas on opposite sides
of the transmission line and determines alignment error polarity and alignment
error magnitude when the antennas are not equidistant from the transmussion

line.

It A system as in claim 11, further comprising visible, audible, or tactile
means for directing a driver to adjust alignment of the vehicle relative to the
transmission line in response to said alignment error polarity and said alignment

error magnitude.

12. A system as in claim 1, further comprising a continuous wave radio
frequency source that provides radio frequency excitation to the transmission

line at a power level of about 1 mW.

13. A system as in claim 12, wherein the transmission line comprises a 300-

ohm characteristic impedance transmission line.

t4. A system as in claim 12, wherein the transmission line comprises a 30 or
75-chm coaxial cable with slots in cuter shielding of the coaxial cable and a
termination resistor that is matched to a characteristic impedance of the

coaxial cable.

13
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Is. A system as in claim 1, wherein the signal processing circuitry
cCoOMprises:

a frequency modulation receiver for detection of the relative phase
differences between the signals detected by the respective antennas, said phase
differences induced by sequential switching when the antennas are not an equal
distance from the transmission line,

a synchronous detector responsive to antenna switching frequency
components present in the output of said frequency modulation receiver,

a voltage comparator that determines alignment error polarity from an
output of said synchronous detector, and

an absolute value circuit that determines alignment error magnitude from

said output of said synchronous detector.

16. A method for aligning a vehicle with a wireless power induction coil 1o a
parking slot for wireless charging through use of magnetic resonant induction,
comprising:

a transmission line disposed in the parking slot leaking a signal having an
operating frequency, said transmission line disposed in the parking slot so asto
guide the vehicle to the wireless power induction coil for charging;

aligning the vehicle lefi-right in the parking slot relative to the
transmission line for charging by the wireless power induction coil, the aligning
comprising at least two vehicle mounted antennas mounted on opposite sides of
the transmission line when the vehicle is aligned in the parking slot detecting
said signal having said operating frequency that leaks from the transmission line;
and

adjusting alignment of the vehicle relative to the wireless power
induction coil based on relative phase differences between the detected signals
from the antennas as representative of alignment of the vehicle left-right with

respect to the transmission line.

17. A method as in claim 16, comprising disposing the transmission line
along a curved trajectory to guide the vehicle to the wireless power induction

cotl in the parking slot.

14
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I8. A method as in claim 16, wherein the transmission line leaks the signal

through slots in outer shielding of a 50 or 75-ohm coaxial cable.

19. A method as in claim 16, wherein the leaked signal has an operating

L

frequency of 13.56 MHz,

20. A method as in claim 16, wherein the aligning comprises:
a frequency modulation receiver detecting a relative signal phase between
signals detected by the antennas on opposite sides of the transmission line, said
10 phase differences induced by sequential switching when the antennas are not an
equal distance from the transmission line, wherein said sequential switching
includes a synchronous detector responsive to antenna switching frequency
components present in the output of said frequency modulation receiver
switching between the antennas,
i3 a voltage comparator determining alignment error polarity from an output
of said synchronous detector, and
an absolute value circuit determining alignment error magnitude from

said output of said synchronous detector.

20
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