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(57) ABSTRACT

A parallel transmission line system is embedded in, laid
atop, or suspended above a roadway to provide a mobile
charging system for vehicles, including electric vehicles and
drones. The parallel cable transmission line system includes
a plurality of parallel line segments able to be individually
modified with respect to amount of power supplied to each
segment. The parallel transmission line system is configured
to deliver power to many cars for a given line segment,
which consequently results in reduced power per car.
Because of this, the parallel transmission line system is able
to operate independently of communications with the
vehicles themselves, though the system is able to be option-
ally integrated with a V2X communication system.




US 2025/0170909 A1

May 29, 2025 Sheet 1 of 26

Patent Application Publication




Patent Application Publication = May 29, 2025 Sheet 2 of 26 US 2025/0170909 A1

FIG. 2



Patent Application Publication = May 29, 2025 Sheet 3 of 26 US 2025/0170909 A1

122 124



Patent Application Publication = May 29, 2025 Sheet 4 of 26 US 2025/0170909 A1

FIG. 4



US 2025/0170909 A1

May 29, 2025 Sheet 5 of 26

Patent Application Publication

# 7
4
O
~

1+ /

FIG. 5A



US 2025/0170909 A1

May 29, 2025 Sheet 6 of 26

Patent Application Publication

FIG. 5B



Patent Application Publication = May 29, 2025 Sheet 7 of 26

306 ———

/

/

~N

\

FIG. 6

US 2025/0170909 A1

312

314



US 2025/0170909 A1

May 29, 2025 Sheet 8 of 26

Patent Application Publication

L 'Ol

143 [443 1443

PUB L] HNO0TL . wyps LA
H 08 Hﬂv uBgE 44 PR

133

LOgRRLIGRY

_ Afrauy ™

esud

SOOI

auingny

PsRHd

SEON  BPON-QUY BpON apoN-auY ./W // /

143 97¢

6C¢E



US 2025/0170909 A1

8 'Ol

rSE  ¢SE sup] gve 9ve Pbe VE  PEE  TTE CEE 0Z€

May 29, 2025 Sheet 9 of 26

Patent Application Publication

HOISRRUSUEAL
AgsEg xW \ \ i \ \ \ \ \ \ \ \
: +G8T~B S* ..... > ..".(x JPBYB . SR y M@
i BRI BAX BHAIH ooy ARG -3 i
30234 ARG P s ey Pt BRI et O PR Fomnmnd ] o 05 T i
: aveyq | | OO - 2 Sunsoren avwug wien #ouny prnly "
7 - ] : : SHEAD LY gy »HNM“&
Wy i s i : ; SORgSRLy QM semny ol
¥ 3 whawg £ : ; yéissg
; # Besgssusg ¥y ; : ‘
s // seiRds pagsey Bupuny Faemomy :

0443



Patent Application Publication = May 29, 2025 Sheet 10 of 26  US 2025/0170909 A1

FIG.9




US 2025/0170909 A1

May 29, 2025 Sheet 11 of 26

Patent Application Publication

0T O

oneuLIO)U}

.

IOMUON
Hv aseyq

\

 8CE gz¢

ace 1”43
0cCE //
pLD Nz_z/mm.mﬁ 1S
ZH 09 Hv U39 4y Hv aseyq
JEIENE Fv
Jajdno)
Sy

6C¢E

a
—C =]
4



Patent Application Publication = May 29, 2025 Sheet 12 of 26  US 2025/0170909 A1

Phase
Monitor
RF Gen.
320

A[ifk

Phase

Monitor

RF Gen.
60 Hz Grid

FIG. 11

1-100
km

Phase
Monitor
RF Gen.

322



Patent Application Publication = May 29, 2025 Sheet 13 of 26  US 2025/0170909 A1

60 Hz
Grid

360

FIG. 12

329

Grid
320

60 Hz




Patent Application Publication = May 29, 2025 Sheet 14 of 26  US 2025/0170909 A1

oY

366

329

#
oQ P
o
O <t
o0 Q NI~
™ I~ o
o o
(o]
™ /|
\ (a9]
L |
3 -
s O
Li.
N
N L S
~ @ 00
o™ M~
o

V) U




Patent Application Publication = May 29, 2025 Sheet 15 of 26  US 2025/0170909 A1

368
370
378

376

360
/

374

FIG. 14

364
382

384
l




Patent Application Publication = May 29, 2025 Sheet 16 of 26  US 2025/0170909 A1

360

Magnetic Reflector Layer
WPT Coupling 370
Layer

364

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 378
376
374

Transmission Line Layer

FIG. 15



Patent Application Publication = May 29, 2025 Sheet 17 of 26  US 2025/0170909 A1

Road Sutrface

Attenuation

e

fcavi{.y

Road Surface

Attenuation

FIG. 16A

Falst Damping w/o Car Probe

/\l e 4

Attenuation

Gain

f cavity

Attenuation

wre b oee oee amfor aee 2o s see for emef o

FIG. 16B



US 2025/0170909 A1

May 29, 2025 Sheet 18 of 26

Patent Application Publication

L1 Ol




v8T 'Ol

US 2025/0170909 A1

May 29, 2025 Sheet 19 of 26

S0, RGHOESY

0¢s

Patent Application Publication



Patent Application Publication = May 29, 2025 Sheet 20 of 26  US 2025/0170909 A1

560

FIG. 18B



US 2025/0170909 A1

May 29, 2025 Sheet 21 of 26

Patent Application Publication

61 Ol




Patent Application Publication = May 29, 2025 Sheet 22 of 26  US 2025/0170909 A1

Monmcsnion reg. 414 f

BV BATTERY PARAMETER J

FIG. 20



Patent Application Publication = May 29, 2025 Sheet 23 of 26  US 2025/0170909 A1

ORI AT Y

1010
e 1012 j

FIG. 21



Patent Application Publication = May 29, 2025 Sheet 24 of 26  US 2025/0170909 A1

1100

FIG. 22



Patent Application Publication = May 29, 2025 Sheet 25 of 26  US 2025/0170909 A1

1200

L—l

1202

1210

,.»\\\\\\{M\w\\, ) 5

FIG. 23



Patent Application Publication = May 29, 2025 Sheet 26 of 26  US 2025/0170909 A1

800 _

k 100 pa—— 860 1/0-898
i

868
862 v
268
862}
240 396 860 860 890

%
860
850 Yy
SERVI?gsl <
L] CPU 868
852
X/898 830

FIG. 24 899



US 2025/0170909 A1l

SEGMENTED WIRELESS CHARGING
SYSTEM FOR ELECTRIC VEHICLES
UTILIZING PARALLEL CABLES

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to road-based wire-
less charging systems for electric vehicles, and more spe-
cifically to wireless charging systems utilizing parallel cable
transmission lines.

2. Description of the Prior Art

[0002] It is generally known in the prior art to provide
systems for electric vehicle charging, most commonly sys-
tems with plugs mimicking the manner in which traditional,
gasoline-based cars refuel at a gas station. However, road-
based wireless charging methods for electric vehicles have
also been proposed by companies such as ELECTREON.

Prior Art Patent Documents Include the Following:

[0003] U.S. Pat. No. 10,476,303 for Power supply and
pickup system capable of maintaining stability of transmis-
sion efficiency despite changes in resonant frequency by
inventors Cho et al., filed Jan. 15, 2019 and issued Nov. 12,
2019, discloses a power supply and pickup system capable
of maintaining stability of transmission efficiency despite
changes in a resonant frequency. More particularly, the
present invention relates to a power supply and pickup
system capable of maintaining the stability of efficiency of
transmitting power to a pickup device from a power supply
device even when a voltage or current changes by the
variation in a resonant frequency. According to the power
supply and pickup system of the present invention, Q-factor
of a power supply and pickup system is set to a low value,
a stability of efficiency of transmitting power to a pickup
device from a power supply device is maintained even when
a voltage of current changes by the variation in a resonant
frequency.

[0004] U.S. Pat. No. 11,318,845 for System and method
for powering on-road electric vehicles via wireless power
transfer by inventor Rumbak, filed Oct. 17, 2019 and issued
May 3, 2022, discloses a system for wireless power transfer
of on-road vehicles. The system includes a plurality of base
stations; a power transmission line located beneath a surface
of a road having a plurality of segments, each segment
having at least one pair of coils and at least one capacitor
electrically connected via a switch to the coils in the
segment; and at least one vehicle having at least one power
receiving segment having at least two coils, connected to at
least one capacitor, wherein the at least one vehicle further
includes a communication transmitter configured to transmit
a power requesting signal, wherein the coils of the power
transmitting segment are configured to receive the power
requesting signal; and wherein each of the base stations is
further configured to feed a plurality of the power transmit-
ting segments with current at a resonance frequency, respon-
sive to the power requesting signal.

[0005] US Patent Pub. No. 2023/008378 for Wireless
power transfer system, power transmission device, and
power reception device by inventors Fujimoto et al., filed
Sep. 10, 2020 and published Mar. 23, 2023, discloses a
wireless power transfer system includes a power transmis-
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sion device and a power reception device. The power
transmission device is a power transmission device installed
in a road, is provided with a power transmission coil that
transmits power wirelessly, and is configured such that when
installed in the road, the normal line of a coil plane of the
power transmission coil is inclined with respect to the
normal line of the road surface of the road in a lateral cross
section of the road. The power reception device is provided
with a power reception coil that receives power wirelessly,
and at least a portion of the power reception coil is housed
in the wheel of the moving body.

[0006] US Patent Pub. No. 2022/0032778 for In-motion
power supply system, and abnormality determination
method for electrical characteristics in said system by inven-
tors Kanesaki et al., filed Oct. 19, 2021 and published Feb.
3, 2022, discloses, in an in-motion power supply system
with a plurality of power supply segments to supply power
to a vehicle, a vehicle position detection unit detecting a
position of the vehicle relative to each segment. An electrical
characteristic acquisition unit acquires electrical character-
istics in the segment involved in power transfer, and an
abnormality determination unit uses the electrical charac-
teristics to determine whether there is an abnormality in the
segment involved in power transfer. The abnormality deter-
mination unit shares the electrical characteristics between a
subject segment subjected to abnormality determination and
at least one of a previous segment previous to the subject
segment and a subsequent segment subsequent to the subject
segment, and compares the electrical characteristics in the
subject segment with at least either the electrical character-
istics in the previous segment or the electrical characteristics
in the subsequent segment to determine whether the elec-
trical characteristics in the subject segment are abnormal.

[0007] U.S. Pat. No. 10,790,692 for Mobile electric
vehicle wireless charging by inventors Ahmed et al., filed
Oct. 9, 2017 and issued Sep. 29, 2020, discloses a wireless
vehicle charging system including a first cluster of charging
pads wired to one another and configured to convert elec-
trical energy to an electromagnetic field. The system further
includes a first base station in communication with the first
cluster of charging pads. The first base station is pro-
grammed to receive information from an electric vehicle and
transmit the information to a second base station in com-
munication with a second cluster of charging pads in a path
of the electric vehicle.

[0008] U.S. Pat. No. 9,067,497 for Power transmitting
device and power transfer system by inventors Ichikawa et
al., filed Nov. 7, 2013 and issued Jun. 30, 2015, discloses a
power transmitting device that contactlessly transmits elec-
tric power to a power receiving device having a secondary
coil provided at a vehicle, and a power transfer system. The
power transmitting device includes primary coils, a selecting
unit and a control unit. The primary coils are arranged at an
interval in an arrangement direction. The selecting unit
selects one primary coil to which electric power is supplied
from a power supply. The control unit controls the selecting
unit by supplying the selected primary coil with a second
electric power smaller than a first electric power, selecting a
power transmitting coil from among the primary coils on the
basis of at least one of a power transmitting situation of the
selected primary coil and a power receiving situation of the
secondary coil, and supplying the power transmitting coil
with the first electric power.
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[0009] US Patent Pub. No. 2022/0001753 for System for
power feeding during traveling by inventors Takahashi et al.,
filed Sep. 15, 2021 and published Jan. 6, 2022, discloses a
system for power feeding during traveling including a coil
for power transmission, a power supply unit which supplies
power to the coils, at least one shielding member which
shields an electromagnetic field of the coil, and a hole
provided to the shielding members.

[0010] US Patent Pub. No. 2020/0122601 for Vehicle
charging lanes by inventor Nelson, filed Dec. 12, 2019 and
published Apr. 23, 2020, discloses embodiments including
an apparatus and methods for implementing lane charging
for a roadway. A road segment in a geographic region is
identified from a geographic database. The road segment
may be identified based on the geographic position of a
vehicle. A lane charging management device receives real
time data related to the vehicle, the environment, or the
electricity associated with the charging station. A lane charg-
ing command for a charging device associated with the road
segment is generated in response to the real time data.
[0011] U.S. Pat. No. 10,857,893 for Ground-side power
supply device by inventor Niizuma, filed Feb. 26, 2018 and
issued Dec. 8, 2020, discloses a ground-side power feeding
device including a ground-side power feeding coil that
wirelessly transmits or receives power to or from a vehicle-
side power feeding coil mounted in the vehicle via a
magnetic field having a first frequency, a light emitting unit
that is disposed at any position at least around the ground-
side power feeding coil and in an upper portion of the
ground-side power feeding coil when the ground-side power
feeding coil is seen from above, and a light emitting power
transmitting coil that wirelessly transmits power to the light
emitting unit. The light emitting unit has a light emitting
power receiving coil which wirelessly receives power from
the light emitting power transmitting coil via a magnetic
field having a second frequency different from the first
frequency, and a light emitting body which emits light with
power received by the light emitting power receiving coil.
[0012] U.S. Pat. No. 11,225,154 for Method for control-
ling power transmitting device in wireless power transmis-
sion system and power transmitting device by inventors
Matsuo et al., filed Jan. 19, 2021 and issued Jan. 18, 2022,
discloses a device including a power transmitting coil that
outputs power to a power receiving coil included in a mobile
object, a case that includes the power transmitting coil inside
thereof, a mobile member arranged on the case at a position
overlapping the power transmitting coil, and a circuit that
controls the power transmitting coil and the mobile member.
The circuit starts to perform an operation to move the mobile
member from a position overlapping the power transmitting
coil to a position not overlapping the power transmitting coil
before the power transmitting coil and the power receiving
coil are aligned with each other, and causes the power
transmitting coil to output the power to the power receiving
coil.

[0013] US Patent Pub. No. 2011/0184842 for Energy
transfer systems and methods for mobile vehicles by inven-
tor Melen, filed Jan. 28, 2010 and published Jul. 28, 2011,
discloses an energy transfer system comprising a transmitter
array, an energy transfer controller, a receiver array, and a
charging module. The transmitter array is embedded in a
roadway and the energy transfer controller is coupled to the
transmitter array. The receiver array and the charging mod-
ule are part of a mobile vehicle. The transmitter array and the
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receiver array each include a plurality of coils. The energy
transfer controller estimates a likely trajectory of the mobile
vehicle and energizes individual coils of the transmitter
array using this position estimate. The energy transfer con-
troller varies the resonant circuit component values of the
transmitter during the transfer cycle such as resonant cou-
pling capacitance values. The charging module also varies
the resonant circuit component values of the coils in the
receiver array to match the transfer array for transfer of
energy from the transmitter array to the receiver array. The
present invention also includes a method for energy transfer.
[0014] US Patent Pub. No. 2022/0072965 for Moving-
object power supply system by inventors Mazaki et al., filed
Nov. 17, 2021 and published Mar. 10, 2022, discloses, in a
moving-object power supply system, a control unit select-
ing, as a power transmission segment, one of segments
included in at least one power transmission section. The
control unit supplies, through a power supply circuit, power
to the power transmission segment to thereby generate a
magnetic field through a power transmission coil of the
power transmission segment. The control unit determines,
based on an ascertained first electrical characteristic of the
power transmission segment and an ascertained second
electrical characteristic of at least one power non-transmis-
sion segment, whether there is a malfunction in each of the
power transmission segment and the at least one power
non-transmission segment.

[0015] US Patent Pub. No. 2022/0149663 for Power feed-
ing system during travelling by inventors Sumiya et al., filed
Jan. 20, 2022 and published May 12, 2022, discloses, in a
dynamic wireless power transfer system, a power transmis-
sion coil provided in a road. A power transmission circuit
supplies electric power to the power transmission coil. A
power reception coil is provided in a vehicle. A power
reception circuit is connected to the power reception coil. A
relay circuit is provided in a tire of the vehicle. The relay
circuit includes at least two relay coils that are connected in
series. The relay circuit transfers electric power from the
power transmission coil to the power reception coil by one
relay coil of the two relay coils opposing the power trans-
mission coil and the other relay coil opposing the power
reception coil. A resonance frequency of the relay circuit is
a frequency that is within a fixed range that is centered on
an applied frequency of an alternating-current voltage that is
applied to the power transmission coil.

SUMMARY OF THE INVENTION

[0016] The present invention relates to road-based wire-
less charging systems for electric vehicles, and more spe-
cifically to wireless charging systems utilizing parallel cable
transmission lines.

[0017] It is an object of this invention to provide a stable,
sufficient mobile electric vehicle charging system to allow
for longer sustained trips without the need to refuel.
[0018] In one embodiment, the present invention is
directed to a mobile charging system for electric vehicles,
including at least one cable loop embedded within or placed
atop at least one roadway, at least one power supply line
configured to provide current from at least one power source
to the at least one cable loop, at least one controller
configured to modulate an amount of power supplied to the
at least one cable loop via the at least one power supply line,
and at least one sensor configured to produce sensor data
corresponding to an electromagnetic environment around
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the at least one cable loop and/or an electric property of the
at least one cable loop, wherein at least one section of the at
least one cable loop is oriented substantially parallel with the
direction of traffic of the at least one roadway, and wherein
the at least one controller increases or decreases the amount
of power supplied to the at least one cable loop via the at
least one power supply line based on the sensor data.
[0019] In another embodiment, the present invention is
directed to a mobile charging system for electric vehicles,
including at least one cable loop embedded within or placed
atop at least one roadway, at least one power supply line
configured to provide current from at least one power source
to the at least one cable loop, at least one controller
configured to modulate an amount of power supplied to the
at least one cable loop via the at least one power supply line,
and at least one sensor configured to produce sensor data
corresponding to an electromagnetic environment around
the at least one cable loop and/or an electric property of the
at least one cable loop, wherein at least one section of the at
least one cable loop is oriented substantially parallel with the
direction of traffic of the at least one roadway, and wherein
the at least one controller is operable to determine a number
of electric vehicles on one or more of the at least one cable
loop based on the sensor data.

[0020] Inyet another embodiment, the present invention is
directed to a mobile charging system for electric vehicles,
including a plurality of sets of concentric cable loops, each
including a first cable loop and a second cable loop, embed-
ded within or placed atop at least one roadway, at least one
power supply line configured to provide current from at least
one power source to the at least one set of concentric cable
loops, at least one controller configured to modulate an
amount of power supplied to the at least one set of concen-
tric cable loops via at least one power supply line, and
wherein first sections of the first cable loop and the second
cable loop of at least one of the plurality of sets of concentric
cable loops are substantially parallel and separated by a first
gap in or on a first roadway and wherein second sections of
the first cable loop and the second cable loop of the at least
one of the plurality of sets of concentric cable loops are
substantially parallel and separated by a second gap in or on
a second roadway, and wherein the at least one controller is
configured to selectively couple two or more of the plurality
of sets of concentric cable loops.

[0021] These and other aspects of the present invention
will become apparent to those skilled in the art after a
reading of the following description of the preferred
embodiment when considered with the drawings, as they
support the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 illustrates a top orthogonal view of an
electric vehicle driving on a road including a parallel cable
transmission line charging system according to one embodi-
ment of the present invention.

[0023] FIG. 2 illustrates a front orthogonal view of a
roadway including above-surface parallel cables in a parallel
cable transmission line charging system according to one
embodiment of the present invention.

[0024] FIG. 3 illustrates a front orthogonal view of a
roadway including subterranean parallel cables in a parallel
cable transmission line charging system according to one
embodiment of the present invention.
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[0025] FIG. 4 illustrates a front orthogonal view of a
roadway include parallel cables approximately flush with the
ground surface in a parallel cable transmission line charging
system according to one embodiment of the present inven-
tion.

[0026] FIG. 5A illustrates individual parallel cable trans-
mission lines installed in each lane of a two-way road
according to one embodiment of the present invention.
[0027] FIG. 5B illustrates a two way roadway including
concentric cable loops extending across lanes traveling in
both directions to form transmission lines in multiple lanes
according to one embodiment of the present invention.
[0028] FIG. 6 illustrates an extended network of concen-
tric cable loops forming transmission lines for a larger
electric vehicle charging system according to one embodi-
ment of the present invention.

[0029] FIG. 7 illustrates a mobile charging system with
node velocity matching vehicle velocity according to one
embodiment of the present invention.

[0030] FIG. 8 illustrates a conceptual diagram for a mobile
charging system according to one embodiment of the present
invention.

[0031] FIG. 9 illustrates a mobile charging system with
node velocity faster than vehicle velocity according to one
embodiment of the present invention.

[0032] FIG. 10 illustrates a mobile charging system with
node velocity faster than vehicle velocity according to one
embodiment of the present invention.

[0033] FIG. 11 illustrates a mobile charging system with
multiple loop segments according to one embodiment of the
present invention.

[0034] FIG. 12 illustrates a mobile charging system with
an on-vehicle RF generator according to one embodiment of
the present invention.

[0035] FIG. 13 illustrates a cross-sectional diagram of a
mobile charging system with an on-vehicle RF generator
with a single cable according to one embodiment of the
present invention.

[0036] FIG. 14 illustrates a cross-sectional diagram of a
mobile charging system with an on-vehicle RF generator
with two parallel cables according to one embodiment of the
present invention.

[0037] FIG. 15 illustrates a conceptual diagram of com-
ponents of a mobile charging system with an on-vehicle RF
generator according to one embodiment of the present
invention.

[0038] FIG. 16A illustrates the state of a mobile charging
system reliant on on-vehicle RF generators with a vehicle
present according to one embodiment of the present inven-
tion.

[0039] FIG. 16B illustrates the state of a mobile charging
system reliant on on-vehicle RF generators without a vehicle
present according to one embodiment of the present inven-
tion.

[0040] FIG. 17 illustrates a network architecture for a
parallel cable transmission line for wireless power transfer
to an electric vehicle according to one embodiment of the
present invention.

[0041] FIG. 18A is a schematic diagram of actual and
simulated parallel cable transmission lines providing wire-
less power transfer to a receiver antenna of a moving electric
vehicle according to one embodiment of the present inven-
tion.
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[0042] FIG. 18B is a cross-sectional diagram of the par-
allel cable transmission line system shown in FIG. 18A
taken along section AA.

[0043] FIG. 19 is a schematic diagram of actual and
simulated parallel cable transmission lines providing wire-
less power transfer to a receiver antenna of a stationary
electric vehicle according to one embodiment of the present
invention.

[0044] FIG. 20 is a block diagram showing exchange of
data information between a vehicle-to-everything (V2X)
server and other V2X components in a V2X communication
environment according to one embodiment of the present
invention.

[0045] FIG. 21 is a block diagram showing various com-
ponents of a V2X server according to one embodiment of the
present invention.

[0046] FIG. 22 is a flow diagram of a process for imple-
menting wireless power transfer to an electric vehicle
according to one embodiment of the present invention.
[0047] FIG. 23 is a flow diagram of a process for adjusting
the configuration of a receiver antenna of an electric vehicle
according to one embodiment of the present invention.
[0048] FIG. 24 is a schematic diagram of a system of the
present invention.

DETAILED DESCRIPTION

[0049] The present invention is generally directed to road-
based wireless charging systems for electric vehicles, and
more specifically to wireless charging systems utilizing
parallel cable transmission lines.

[0050] In one embodiment, the present invention is
directed to a mobile charging system for electric vehicles,
including at least one cable loop embedded within or placed
atop at least one roadway, at least one power supply line
configured to provide current from at least one power source
to the at least one cable loop, at least one controller
configured to modulate an amount of power supplied to the
at least one cable loop via the at least one power supply line,
and at least one sensor configured to produce sensor data
corresponding to an electromagnetic environment around
the at least one cable loop and/or an electric property of the
at least one cable loop, wherein at least one section of the at
least one cable loop is oriented substantially parallel with the
direction of traffic of the at least one roadway, and wherein
the at least one controller increases or decreases the amount
of power supplied to the at least one cable loop via the at
least one power supply line based on the sensor data.
[0051] In another embodiment, the present invention is
directed to a mobile charging system for electric vehicles,
including at least one cable loop embedded within or placed
atop at least one roadway, at least one power supply line
configured to provide current from at least one power source
to the at least one cable loop, at least one controller
configured to modulate an amount of power supplied to the
at least one cable loop via the at least one power supply line,
and at least one sensor configured to produce sensor data
corresponding to an electromagnetic environment around
the at least one cable loop and/or an electric property of the
at least one cable loop, wherein at least one section of the at
least one cable loop is oriented substantially parallel with the
direction of traffic of the at least one roadway, and wherein
the at least one controller is operable to determine a number
of electric vehicles on one or more of the at least one cable
loop based on the sensor data.
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[0052] Inyet another embodiment, the present invention is
directed to a mobile charging system for electric vehicles,
including a plurality of sets of concentric cable loops, each
including a first cable loop and a second cable loop, embed-
ded within or placed atop at least one roadway, at least one
power supply line configured to provide current from at least
one power source to the at least one set of concentric cable
loops, at least one controller configured to modulate an
amount of power supplied to the at least one set of concen-
tric cable loops via at least one power supply line, and
wherein first sections of the first cable loop and the second
cable loop of at least one of the plurality of sets of concentric
cable loops are substantially parallel and separated by a first
gap in or on a first roadway and wherein second sections of
the first cable loop and the second cable loop of the at least
one of the plurality of sets of concentric cable loops are
substantially parallel and separated by a second gap in or on
a second roadway, and wherein the at least one controller is
configured to selectively couple two or more of the plurality
of sets of concentric cable loops.

[0053] As global economies shift to focus on reducing
carbon emissions by incentivizing sale of electric, rather
than gasoline-based, vehicles, one issue for increased adop-
tion is charging. Currently, charging is done while a vehicle
is stationary, typically at the home or at gas stations where
the user must wait at least 15 minutes, if not much longer,
in order for the vehicle to finish charging. This has raised
concern among avid drivers, who are accustomed to being
able to immediately refuel their vehicles. This issue of
charging time, coupled with a still relatively sparse number
of chargers and skepticism about overall battery capacity has
slowed adoption of the new technology. One way to address
this issue is develop charging networks that work for mobile
vehicles, to extend battery life or even obviate much of the
need for stationary chargers.

[0054] One company that has attempted to address mobile
charging is ELECTREON, whose technology is described in
such patents as U.S. Pat. No. 11,318,845. ELECTREON’s
technology focuses on a wireless charging system with
embedded electrical coils buried roughly in the center of a
roadway. These coils are configured to wirelessly charge
receiver coils on the bottom of electric vehicles when the
receiver coils are above the embedded electrical coils.
However, this system has important limitations. Notably, the
set-up of ELECTREON’s system requires the receiver coils
to be almost directly above the embedded electrical coils.
This means that, ironically, the system works more opti-
mally in congested city environments where vehicles are
frequently stopped and stationary over the embedded coils,
rather than constantly moving. Furthermore, ELECTRE-
ON’s system appears to require a very large number of coils
to be embedded, almost requiring a complete overhaul of
roadway systems in order to install the coils underneath the
roadway. Thus, in terms of both cost and materials, the
embedded coil-based system suffers issues in terms of
efficiency of cost, time, and materials. In countries without
strong central management initiatives, large scale and com-
prehensive installation of the system is unlikely to be
feasible. Therefore, a more scalable, easier to install system
and a system focused on long distance (e.g., highway)
charging is needed.

[0055] The use of parallel cables to form transmission
lines, instead of embedded pads, represents an alternative
paradigm for electric vehicle charging.
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[0056] Referring now to the drawings in general, the
illustrations are for the purpose of describing one or more
preferred embodiments of the invention and are not intended
to limit the invention thereto.

[0057] FIG. 1 illustrates a top orthogonal view of an
electric vehicle driving on a road including a parallel cable
transmission line charging system according to one embodi-
ment of the present invention. In one embodiment, the
parallel cable transmission line charging system includes a
first cable 102 substantially parallel to a second cable 104,
wherein the combination of the first cable 102 and the
second cable 104 constitute a transmission line. As shown in
FIG. 1, the cables 102, 104 are positioned such that they are
on opposite sides of a midline of a vehicle lane. In one
embodiment, the cables 102, 104 are equidistant from a
midline of the vehicle lane. For example, in one embodi-
ment, the cables 102, 104 are positioned are approximately
30% and 70% of the thickness of the lane, respectively,
although any position (e.g., 15/85, 10/90, 20/80, 25/75,
35/65, 60/40, etc.) is acceptable. In one embodiment, the
cables 102, 104 are configured such that they are both
positioned between the tires of the electric vehicle 10 when
the electric vehicle 10 is directly in the center of the lane. In
a preferred embodiment, the cables 102, 104 are positioned
(and therefore the transmission line is positioned) such that
they are still between the tires of the electric vehicle 10 even
if the electric vehicle 10 moves slightly out of the center of
the lane. In an alternative embodiment, the cables 102, 104
are positioned such that they are outside of the wheels of the
electric vehicle 10 when the electric vehicle 10 is directly in
the center of the lane.

[0058] The transmission line is configured to wirelessly
interact with a receiver antenna on at least one electric
vehicle 10. In one embodiment, the receiver antenna
includes a half-wave dipole antenna including one or more
radiation lobes for non-ohmic coupling with the transmis-
sion line. In one embodiment, the radiation lobes include
radiation patterns perpendicular to a conductor of the
receiver antenna. The receiver antenna is able to receive
wireless power transfer in order to charge one or more
batteries of the electric vehicle 10.

[0059] The output (i.e., Thévenin) voltage from a parallel
cable transmission line with a single receiver coil is pro-
vided by Equation 1 below, while the voltage in the phasor
domain for each turn of the receiver coil is provided in
Equation 2, and is proportional to the magnetic flux (y, V")
(in Webers).

dyr (Equation 1)
=N—
w(t) i

V = N(jw¥) (Equation 2)

[0060] Assuming the magnetic field is approximately con-
stant over the loop area, with H/2 equal to the distance (H
being the total distance between the two cables) from the
center of the loop to each parallel cable, with equal contri-
bution from each cable, Equation 3 provides the magnetic
flux in terms of current, length (L), and width (W) of the
coil, allowing for a revised voltage calculation in Equation
4.
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(Equation 3)
Hold
¥ = 2[ T Lw
271(—)
2
p (Equation 4)
VT;, = ZM(A) I7 Lw
27 —)

[0061] The magnitude of the Thevenin voltage is therefore
determined by Equation 5, which is able to be inserted into
an equation to determine the power loss of the wire, includ-
ing a load resistance R,, according to Equations 6 and 7
below.

210 Lw (Equation 5)
L el
b4 H

1 Ry (Equation 6)
Pr= E|VTh|2|:—Z:|
(R +Rp)

2
H_o(%)H Ry Z]W
T\ H (R:+Rp)

[0062] The Thévenin resistance is able to be approximated
as the coil resistance, calculated along a length, I, according
to Equation 8, with R, equal to the surface resistance of the
receiver coil metal, a, being the coil wire radius, and
conductivity of the coil, 6., equal to

(Equation 7)
Pr =21 q

N
5.8%107—.
m

(Equation 8)
R

Rl Wi !
~ 2na, 20, ( )

2ma,

[0063] Assuming that the length, 1, is equal to 2N (L4+W)
and therefore that N=1/(2 (L+W)), Nis able to be set
according to Equation 9, where p is a chosen value (e.g.,
0.05) that constrains the total length of the coil wire 1 to pA,,
allowing for a simplification of power to be calculated
according to Equation 10.

No Pl pme (Equation 9)
T2LAW) T w4+ W)
o LW (1Y Ry (Equation 10)
Pr=2prl| — >
L+WA\HJI\(R; +Ry)

[0064] The efficiency, e., of the system is able to be
determined according to Equation 11, where P. is equal to
the heat dissipation, not account for eddy current losses in
the earth or vehicle chassis, or radiation losses, which will
decrease the efficiency from this optimum value.

Pr Ry
“ P +P. R 1R

(Equation 11)
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[0065] It will be noted from Equations 10 and 11 that the
maximum power transfer occurs when R,=R_, but that the
efficiency is only 50% at this point, indicating a tradeoff
between maximizing power and maximizing efficiency, with
the relationship being described by Equation 12.

(Equation 12)

R ( i )R
L= 1-e. )

[0066] Furthermore, given that the power dissipation
along the highway cable, per meter, is described in Equation
13, the resistance per unit length, R,,;, of the cable is able to
be calculated as according to Equation 14 (where the factor
of 2 results from there being two cables).

1 (Equation 13)
Peaple = 5ha|1|2

Ry Wi 1
Ry =2 =2 ’—
M (27Tah ) 20, (27mh )

[0067] These equations are then able to be generalized to
multiple cables, where the number of cables is equal to N,
cables running in parallel on each side of the highway. Each
cable therefore carries

(Equation 14)

I

Ny

amperes if the total current is [ with the power dissipation in
each cable being reduced by a factor of N,* and because
there are N, cables, the total power dissipation is then
reduced by N,,. Thus, again ignoring eddy current losses in
the earth and car chassis, the efficiency is able to be
calculated according to Equation 15, where P_,,. is equal to
the power dissipated in one meter of a single twin lead cable
with N=1.

MP;r (Equation 15)
1000)Pgpre
MPy - ( D Peabl
Ny

Esystem =

[0068] FIG. 2 illustrates a front orthogonal view of a
roadway including above-surface parallel lines in a parallel
cable transmission line charging system according to one
embodiment of the present invention. In one embodiment,
cables for the transmission line are laid on top of an existing
roadway and covered with a relatively thin layer of topcoat
for protection. As shown in FIG. 2, a first cable 112 and a
second cable 114 are laid atop a road 30 and positioned such
that they are between the wheels 20 of an electric vehicle
(not shown). This method of deployment is advantageous as
it allows the transmission line to be quickly laid, without
needing to dig into the road and is able to be easily removed
and replaced as needed. However, the challenges faced by
this system are that the road will become slightly uneven,
possibly being noticeable to drivers and that the above-
ground exposure of the cables potentially leads to the cables
being more easily damaged than in the two configurations
discussed with reference to FIGS. 3 and 4.
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[0069] FIG. 3 illustrates a front orthogonal view of a
roadway including subterranean parallel cables in a parallel
cable transmission line charging system according to one
embodiment of the present invention. In one embodiment,
cables for the transmission line are laid entirely subterranean
to the roadway. In this embodiment, trenches are able to dug
in the roadway and the cables placed within before covering
up the trenches to form a smooth, or substantially smooth,
road surface. In one embodiment, the cables include an
anchor able to dug into subsurface concrete for stability. As
shown in FIG. 3, a first cable 122 and a second cable 124 are
laid beneath a road 30 and positioned such that they are
between the wheels 20 of an electric vehicle (not shown).
This method of deployment is advantageous, as it does not
disturb the road surface and provides for a more permanent
installation solution. Furthermore, this method is more
likely to prevent damage to the cables, though it may make
changing the cables and performing repairs more difficult.
However, this installation is likely to cost more time and
money than an above-ground solution.

[0070] FIG. 4 illustrates a front orthogonal view of a
roadway include parallel cables approximately flush with the
ground surface in a parallel cable transmission line charging
system according to one embodiment of the present inven-
tion. In one embodiment, the cables are wrapped in an
insulated shell (e.g., an insulated composite sleeve) that is
placed within a shallow indentation in the roadway and
fused with the roadway such that top surface of the insulated
shell is substantially flush with the surface of the roadway.
As shown in FIG. 4, a first cable 142 and a second cable 144
are laid within a road 30 and positioned such that they are
between the wheels 20 of an electric vehicle (not shown).
This method of deployment is advantageous, as it requires
less deep (and thus likely thus expensive and time consum-
ing) trenches to be dug for the insulated shell, as the entirely
the shell does not need to be underground. It also allows for
easier modification than the system shown in FIG. 3, as the
insulated shell merely needs to be peeled back in order to
repair or replace part of the cables of the transmission line,
instead of needing to dig up asphalt. However, the risk of
damaging the cables through the melting process is greater
than in the systems shown in FIGS. 2 and 3. FIGS. 2-4
therefore provide a variety of methods to install the system
of the present invention, suitable for different purposes,
different budgets, and carrying different risks.

[0071] FIG. 5A illustrates individual parallel cable trans-
mission lines installed in each lane of a two-way road
according to one embodiment of the present invention. In
one embodiment, each lane includes a self-contained trans-
mission line, such that there is a parallel cable transmission
line 202 in a lane moving in a first direction and separate
parallel cable transmission line 204 in a lane moving in a
second, opposite direction. This is the simplest and most
straightforward method of installation and allows construc-
tion and installation to be performed in isolated chunks for
ease of management. Furthermore, this system is compatible
even in areas where, for example, the lanes in a first
direction go over a bridge and the lanes in the southbound
direction go over another, parallel bridge, such that there is
a gap between the roads, or where there is very rough terrain
between the lanes moving in a first direction and those
moving in the opposite direction.

[0072] FIG. 5B illustrates a two way roadway including
concentric cable loops extending across lanes traveling in
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both directions to form transmission lines in multiple lanes
according to one embodiment of the present invention. In
another embodiment, the parallel transmission line system
includes a first cable loop 212 and a second cable loop 214
that are substantially concentric. For example, as shown in
FIG. 5B, the first cable loop 212 is an outer loop that extends
through an outer side of a first lane traveling in a first
direction and through an outer side of a second lane traveling
in a second, opposite direction. The second cable loop 214
is an inner loop that extends through an inner side of the first
lane and through an inner side of the second lane. Therefore,
the combination of the first cable loop 212 and the second
cable loop 214 together form a first transmission line extend-
ing through the first lane and a second transmission line
extending through the second lane. Having cable loop sys-
tems extend through lanes moving both directions allows for
ease of coupling of multiple loop segments, as discussed
with reference to FIG. 6 below. In one embodiment, the
portions of each loop oriented substantially perpendicular to
the direction of the flow of traffic and/or the portions of each
loop not oriented substantially parallel to the direction of the
flow of traffic are more heavily insulated, such that these
portions of the loop that are not likely to contribute to
charging of the vehicles do not have excessive power loss or
emit too much excess RF radiation. Furthermore, one of
ordinary skill in the art will understand that although the
diagram in FIG. 5B shows a gap between the first cable loop
212 and the second cable loop 214 for the entire circumfer-
ence of both cable loops, this does not necessarily need to be
the case. In one embodiment, the portions of the first cable
loop 212 and the second cable loop 214 that are oriented
perpendicular to and/or are not oriented parallel to the flow
of traffic are bundled together as to the save space, as the
separation between the cable loops is not needed outside of
areas where they are likely to charge the vehicles.

[0073] One of ordinary skill in the art will understand that
other orientations of the loops are also possible. For
example, concentric loops forming transmission lines in
multiple lanes traveling in the same direction are also
contemplated herein. One of ordinary skill in the art will
understand that greater than two cables are able to be used
for a single lane (i.e., greater than two parallel cables are
able to be used to form the transmission lines). In fact, a
preferred embodiment includes multiple cable loops, pro-
viding greater than two parallel cables in a single lane,
increasing power transfer.

[0074] FIG. 6 illustrates an extended network of parallel
cable loops forming segments of a larger electric vehicle
charging system according to one embodiment of the present
invention. In one embodiment, a broader power transmission
system includes a plurality of transmission line segments
302, 304, 306 that are able to be individually controlled and
powered. The configuration of the broader power transmis-
sion system having multiple independent cable loops allows
for more finely tuned modifications to be made where load
is increased on, for example, one loop segment but is
relatively stable or even decreasing on another loop seg-
ment. Furthermore, the inclusion of multiple loop segments
is advantageous in that damage to one part of one cable loop
does not take the entire transmission line, but only renders
a small portion of the system inoperable, providing an
overall more stable system. In the diagram shown in FIG. 6,
the power transmission system includes, at least, a first
transmission line segment 302, a second transmission line
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segment 304, and a third transmission line segment 306. The
first transmission line segment 302, the second transmission
line segment 304, and the third transmission line segment
306 shown are positioned in series, such that a car driving
along one transmission line segment 302 will subsequently
drive over the second 304 and third transmission line
segments 306. Current is transmitted to the first transmission
line segment 302 via a first power supply line 312. Current
is transmitted to the second transmission line segment 304
via a second power supply line 314. Current is transmitted
to the third transmission line segment 306 via a third power
supply line 316. In one embodiment, the first power supply
line 312, the second power supply line 314, and/or the third
power supply line 316 are able to draw power from the same
one or more power sources or from different power sources.
In one embodiment, each transmission line segment is
between approximately 1 km and 100 km in length, with
loops of varying length able to form part of a single system.

[0075] In one embodiment, adjacent transmission line
segments are able to be selectively coupled in order to allow
for power from one transmission line segment to transfer
into another transmission line segment, allowing for a more
dynamic power system. This is especially important where
the amount of power able to be transferred to the transmis-
sion line segment via a corresponding power supply line
from available, connected power sources is inadequate to
meet demand, either due to increased demand or due to
faults in the connected power sources. In one embodiment,
the transmission line segments are able to directly coupled
via switches in lines running between the separate segments.
In this embodiment, one or more controllers are operable to
selectively change the position of the switches and/or the
rate of switching of the switches between the segments, in
order to modulate the amount of power flow between
segments. In another embodiment, in lieu of or in additional
to direct coupling between the adjacent segments, the adja-
cent segments are inductively coupled in order to transfer
energy between segments.

[0076] In one embodiment, each transmission line seg-
ment is configured to operate at a power of approximately 1
MW and controlled so as to maintain a relatively constant
power level in the cables. Preferably, the wave form of
power moving through the transmission line segment is also
stably maintained.

[0077] In one embodiment, the transmission line system
includes one or more sensors operable to detect an electro-
magnetic environment around the constituent cable loops of
the system and/or the electrical parameters of the cable loops
themselves. In one embodiment, the one or more sensors are
embedded in the roadway, placed atop the roadway, and/or
placed in proximity to the roadway as needed. One of
ordinary skill in the art will understand that the specific
number of sensors employed in the present invention is not
intended to be limiting and is able to encompass any total
number or any combination of numbers of sensors as is
necessary to determine the intended electrical characteris-
tics. For example, in one embodiment, the transmission line
system includes one or more voltage sensors (e.g., Hall
effect sensors, capacitive voltage dividers, resistive voltage
dividers, electrostatic sensors, piezoelectric sensors, optical
sensors, inductive sensors, etc.), magnetic field sensors (e.g.,
Hall sensors, superconducting quantum interference device
(SQUID), fluxgate sensors, induction magnetometer, linear
variable differential transformer, ferromagnetic magnetore-
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sistors, etc.), electric field sensors (e.g., electric field mill,
micro electro-mechanical system (MEMS) sensors, etc.),
line frequency sensors, and/or current sensors (e.g., cored
current sensors, coreless current sensors, shunt resistor+high
speed amps, etc.). In one embodiment, one or more control-
lers and/or one or more distributed processors are operable
to receive sensor data from the one or more sensors. In one
embodiment, the one or more controllers and/or the one or
more distributed processors are operable to automatically
determine a number of vehicles drawing power from a
particular segment of the transmission line system. In one
embodiment, based on the determined number of vehicles
on a particular segment, the controllers are operable to
control and/or the one or more distributed processors are
operable to a controller to control an amount of power
supplied to the particular segments. It should be noted that
this system does not require actual communication between
the vehicles and any external processors or servers, and the
actual identity of the individual vehicles is not required to be
obtained in this method, but merely the number of cars,
which is determined entirely based on the effects of the
vehicles” presence on the electrical characteristics of the
transmission line system itself.

[0078] In one embodiment, at least one local processor
and/or at least one local controller is operable to receive
power supply data from at least one power source connected
to the transmission line segments via at least one power
supply line. In one embodiment, the power supply data
includes an amount of power currently to be supplied to a
transmission line segment from the at least one power source
and/or an amount of power predicted to be available to be
supplied at one or more future times (e.g., in one minute, in
five minutes, in one hour, etc.). In one embodiment, the at
least one local processor and/or the at least one local
controller is operable to transmit at least one external power
supply request to at least one central (or higher level)
controller and/or at least one central server requesting power
from power sources other than the at least one power source
connected to the segment. In one embodiment, the at least
one central controller and/or the at least one central server is
then able to communicate coupling commands to one or
more other local processor and/or local controllers for
coupling other segments (connected to other power sources
with additional supply) to the requesting segment in order to
provide additional power to the needed transmission line
segment. In one embodiment, the at least one central con-
troller and/or the at least one central server at first sends
polling requests to one or more other local processors to
determine which other local processors have sufficient sup-
ply in order to be provided to the requesting transmission
line segment.

[0079] In a preferred embodiment, the transmission line
system of the infrastructure and the receiver systems of each
electric vehicle operate independently, such that there is not
a requirement for cross-communication between the two
systems. This is advantageous as it does not rely upon
network communications that are potentially faulty, risks
bias towards particular types of vehicles, and minimizes the
number of factors that must be considered by a central
system, thereby reducing complexity. Thus, in a preferred
embodiment, the transmission line system does not receive
any messages from an electric vehicle and/or from third-
party sources indicating characteristics of specific electric
vehicles utilizing the system, as the transmission line system
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operates independently of the operation of the electric
vehicles themselves, except insofar as the transmission line
system is able to be responsive to the total load on individual
segments of the transmission line system.

[0080] FIG. 7 illustrates a mobile charging system with
node velocity matching vehicle velocity according to one
embodiment of the present invention. A power grid source
320 supplies power to a mobile charging system. In one
embodiment, the power grid source supplies alternating
current, but, in another embodiment, the power grid source
320 supplies direct or alternating current. In one embodi-
ment, the alternating current supplied by the power grid
source 320 has a frequency of approximately 60 Hz. One of
ordinary skill in the art will understand that the power grid
source 320 is able to include a line connected to a central
grid, to a local microgrid, and/or to one or more distributed
energy resources (e.g., solar panels, geothermal generators,
etc.).

[0081] The power grid source 320 is connected to at least
one radiofrequency (RF) generators 322, which is operable
to produce radiofrequency signals for use in the wireless
charging. In one embodiment, the RF generator 322 gener-
ates RF signals having a frequency between about 1 MHz
and about 100 MHz. The use of MHz frequencies for the
present invention provides an important advantage over
prior art systems, in that the high frequencies allows the
signals to be received even by relatively inexpensive sheet
metal materials based on electroconductive properties,
rather than requiring ferrites or rare earth metals that greatly
increase the cost of installation, especially at scale. This is
because the MHz frequencies enable conductive metal
sheets to exhibit strong inductive properties to provide
strong coupling. The MHz frequencies enable the transmis-
sion line to have fast field fall off as well.

[0082] Inoneembodiment, the frequency generated by the
RF generator 322 is set such that the wavelength of the
signal is approximately equal to the average distance
between vehicles 329 in the same lane. The importance of
this frequency selection is related to the charging character-
istics of the line and specifically to the fact that the generated
RF signal acts as a standing wave moving along the trans-
mission lines. The standing wave includes anti-nodes where
the signal strength is at its highest, and therefore where
charging will occur most efficiently, and nodes, where the
signal strength is at its lowest (e.g., zero) and where charging
will occur least efficiently. In one embodiment, the average
distance between vehicles 329 for a particular stretch is
determined based on a static quantity associated with the
stretch (e.g., a speed limit) and/or based on one or more
sensors (e.g., cameras, power sensors, etc.) operable to
detect the total vehicles per unit area for a stretch. In one
embodiment, the vehicles 329 include at least one sensor
operable to detect the power level at a particular location and
to then automatically speed up or slow down (e.g., via a
self-driving mechanism, cruise control mechanism, etc.) to
center on an anti-node and then to travel at approximately
the same speed as the anti-node to maintain high charging,
as traffic permits. In one embodiment, the antinodes of the
standing wave move at approximately constant velocity,
allowing for consistency in speed. This provides for a
regulated and orderly way for each car along a section of
road to maximize charging at all times. In this embodiment,
the system need not be concerned without adjusting the
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standing wave to perfectly align with the vehicles, as this
responsibility is shifted onto the vehicles themselves.

[0083] The RF signals are then able to be phase shifted by
at least one phase shifter 324. The at least one phase shifter
324 is then connected to the parallel lines by at least one
coupler 328, thereby allowing for the wireless charging. The
at least one phase shifter 324 is able to allow the standing
wave generated by the transmission line to move along the
length of the transmission line, with the speed at which the
standing wave moves also being able to be modified by the
at least one phase shifter 324. In one embodiment, the at
least one phase shifter 324 is connected to at least one phase
monitor 326 operable to detect the phase in the line and/or
in another adjacent loop. The at least one phase monitor 326
is thereby able to provide sensor data to the at least one
phase shifter 324 that enables the at least one phase shifter
324 to phase match the signal already in the line and/or in
an adjacent line, preventing potentially harmful errors. In
one embodiment, the at least one phase shifter 324 is
connected to multiple phase monitors 326, 330, connected to
different sections of the line. In one embodiment, the at least
one RF generator 322 receives sensor data from at least one
power monitor, operable to detect the total power along a
particular stretch and is operable to automatically increase or
decrease the frequency of the generated RF signal based on
the total power drop in order to match the likely speed and
distance between cars. For example, if the stretch is very
congested and therefore cars are more likely to be close to
each other, the RF generator 322 is able to automatically
increase the frequency, thereby decreasing the wavelength
and ensuring more anti-nodes per unit length. Alternatively,
if the stretch is very open, the RF generator 322 is able to
automatically decrease the frequency, thereby decreasing the
wavelength and thus decreasing the number of anti-nodes
per unit length.

[0084] FIG. 8 illustrates a conceptual diagram for a mobile
charging system according to one embodiment of the present
invention. In one embodiment, the grid power source 320
provides alternating current to the system. In one embodi-
ment, the grid power source 320 is connected to at least one
AC-DC rectifier 332. In one embodiment, the grid power is
then amplified by at least one RF amplifier 322. In one
embodiment, the amplified signal then enters into a quad
circulator 334, the use of which helps to isolate elements of
the system, such as transmitters, from excess RF energy. The
signal is then able to be modified by an automated tuning
control system 340. The automated tuning control system
340 includes and/or is connected to at least one tune & load
meter 342, at least one match network 344, and/or at least
one phase shifter 346, 354. In one embodiment, a combi-
nation of a second matching transformer 352 and a phase
shifter 354 are used to shift the node/anti-node and/or to
match power transfer with a subsequent transmission line
segment. In one embodiment, the system operates to mini-
mize or prevent reflection along the transmission lines, but
in other embodiments, other levels of reflection are permit-
ted (or even maximized). In one embodiment, the system
includes a lightning and/or surge protection system 350
between the parallel transmission lines.

[0085] FIGS. 9-10 illustrates mobile charging systems
with node velocity faster than vehicle velocity according to
one embodiment of the present invention. In one embodi-
ment, the standing waves are configured to move at a faster
velocity than the vehicle 329. In one embodiment, the
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standing waves move at approximately 50 times the average
speed of the vehicles 329, 100 times the speed of the
vehicles 329, thousands of times the speed of the vehicles,
or at any multiples of the speed of the vehicles 329, such that
the antinodes of the standing waves pass by the vehicles 329.
With sufficient velocity, this system allows the vehicles 329
to be charged without tracking the location of the vehicle, or
requiring the vehicles to utilize self-driving mechanisms to
align with antinodes produced by the system. As shown in
FIG. 10, the circuit elements for each case are substantially
similar, with the main difference being in the produced
frequency by the RF generator 322. For example, in one
embodiment, the RF generator generates a frequency of
approximately 13.56 MHz, but one of ordinary skill in the
art will understand that this value will change for different
wave velocities.

[0086] FIG. 11 illustrates a mobile charging system with
multiple transmission line segments in series according to
one embodiment of the present invention. In one embodi-
ment, a plurality of vehicles 329 travel along a roadway
which includes a plurality of transmission line segments
each innervated by a separate RF generator 322 and each
monitored with at least one phase monitor to match phase
between adjacent transmission line segments. In one
embodiment, a single power grid source 320 provides power
to a plurality of adjacent transmission line segments, while,
in another embodiment, one or more of the transmission line
segments are powered by different power grid sources. In
one embodiment, the RF generators are separated by a
distance of approximately 1 to approximately 100 km.
[0087] FIG. 12 illustrates a mobile charging system with
an on-vehicle RF generator according to one embodiment of
the present invention. FIG. 12 represents an alternative
paradigm for the present invention compared with the
embodiments shown in FIGS. 7-11. In this version, a vehicle
329 includes an on-board RF generator 360 operable to
generate an RF signal emitted below the vehicle 329. The
road still includes at least one power line operable to receive
power from at least one power grid source 320, but does not
require an RF generator embedded in the road or to be used
at all apart from the one onboard the vehicle 329. In one
embodiment, the system does not require the ground system
to generate RF power at all and instead allows power to flow
into a cable embedded in the road at a first location and to
return to the grid at a second end.

[0088] The embodiment shown in FIG. 12 is advantageous
as the specific physical orientation of the car and the
embedded cables causes the RF field to only be generated
directly below the vehicle and not to be generated outside of
that area. This provides for less wasted energy and reduced
RF energy pollution in general, while still allowing for
efficient charging of the vehicle on the move.

[0089] FIG. 13 illustrates a cross-sectional diagram of a
mobile charging system with an on-vehicle RF generator
with a single cable according to one embodiment of the
present invention. In one embodiment, a vehicle 329
includes at least one onboard RF generator 360 operable to
generate RF signals directed toward the ground with power
supplied by at least one battery 362 of the vehicle 329. The
at least one onboard RF generator 360 is positioned between
the wheels 366 of the vehicle 329. In one embodiment, the
at least one onboard RF generator 360 is positioned above
the vehicle mounted receiver 364, which includes a mag-
netic reflector layer 368 and a wireless power transfer
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(WPT) coupling layer 370. In one embodiment, the WPT
coupling layer 370 is positioned below the magnetic reflec-
tor layer 368.

[0090] An embedded amplifying wire 382 is embedded
within the road surface 384. The embedded amplifying wire
382 includes a WPT coupling layer 380 proximate to the
road surface 384. The present invention is compatible with
two separate WPT coupling layers 380, as shown in FIG. 14,
or with any number of WPT coupling layers 380. Increasing
the number of WPT coupling layers 380 tends to increase the
efficiency and speed of the charging process. In one embodi-
ment, the number of WPT coupling layers 380 in the
embedded amplifying wire 382 is matched by the number of
WPT coupling layers 370 in the vehicle mounted receiver
364. Magnetic flux lines 372 form between the WPT cou-
pling layers 380 in the embedded amplifying wire 382 and
the WPT coupling layers 370 in the vehicle mounted
receiver 364, allowing for charging of the vehicle battery
362 to occur. Due to the high frequencies utilized in this
process, large inductor coils are not needed, allowing for less
bulky systems to be utilized while still providing charging.
[0091] In one embodiment, a magnetic reflector layer 378
is positioned beneath the WPT coupling layer 380. In one
embodiment, a distributed amplifier layer 376 is positioned
beneath the magnetic reflector layer 378. Finally, one or
more grid lines 374 are positioned beneath the distributed
amplifier layer 376 and are operable to supply power from
a central power grid, one or more microgrids, and/or from
one or more distributed energy resources (e.g., one or more
solar panels, one or more batteries, one or more geothermal
power generators, etc.). In one embodiment, the power
supplied by the one or more grid lines 374 is direct current,
while in other embodiments, it is supplied as alternating
current (e.g., with frequencies of 15 Hz, 60 Hz, etc.).
[0092] FIG. 15 illustrates a conceptual diagram of com-
ponents of a mobile charging system with an on-vehicle RF
generator according to one embodiment of the present
invention. FIG. 15 provides a conceptual diagram showing
the relative orientations of the RF generator 360, magnetic
reflector layer 368 and WPT coupling layer 370, which form
part of the electric vehicle, and the transmission line layer
374, distributed amplifier layer 376, magnetic reflector layer
378, and WPT coupling layer 380, which form part of the
ground system. The vehicle and ground system are magnetic
coupled by magnetic field lines 372.

[0093] In one embodiment, the distributed amplifier layer
376 includes one or more distributed amplifier elements.
Amplifier elements are able to include any amplifier known
in the art, including those having some combination of
diodes, transistors, and/or other circuit elements. Examples
of signal amplifier circuits include, but are not limited to,
those described in U.S. Pat. Nos. 10,251,127, 8,892,035, and
9,281,711, each of which is incorporated herein by reference
in its entirety. Alternatively, the distributed amplifier layer
376 is able to be formed as a large vertical diode, having an
n-doped semiconductor layer disposed above or below a
p-doped semiconductor layer, allowing the entire layer to act
as an amplifying diode. Additionally or alternatively, the
amplifier is able to be configured as described, for example,
in the article MESFET Distributed Amplifier Design Guide-
lines by authors Beyer et al., published by IEEE in March
1984, which is incorporated herein by reference in its
entirety. Preferably, the distributed amplifier layer demon-
strates negative resistance distributed across the road-wire,
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and allows power signals of, for example, 10 W from the
vehicle at about 30-500 MHz to be amplified greatly to, for
example, greater than 20 KW (e.g., 2000 times amplifica-
tion). Exemplary negative resistance layers are shown, for
example, in the article Low-Frequency Negative Resistance
in Thin Anodic Oxide Films by author Hickmott, published
in the Journal of Applied Physics in 1962, which is incor-
porated herein by reference in its entirety. In one embodi-
ment, the returned, amplified power is not at the same
frequency as the power supplied by the electric vehicle (e.g.,
is at a multiple of the original frequency, or is a combination
of discrete frequencies within some bandwidth, etc.), while,
in another embodiment, the amplified power is at approxi-
mately the same frequency as the powered supplied by the
electric vehicle

[0094] In one embodiment, the magnetic reflector layer
378 in the ground system and/or the magnetic reflector layer
368 in the electric vehicle are configured as metasurfaces. In
one embodiment, one or more of the magnetic reflector
layers 368, 378 are configured as frequency-selective sur-
faces for specific frequencies or frequency ranges utilized in
the system, such as the artificial magnetic conductors
(AMCs) having specific hole cut patterns described, for
example, in the article Design of Planar Artificial Magnetic
Conductor Ground Plane Using Frequency-Selective Sur-
faces for Frequencies Below 1 GHz by authors de Cos et al.,
published by IEEE in 2009, which is incorporated herein by
reference in its entirety. Advantageously, the use of AMCs
for frequency-selective surfaces to enable magnetic reflec-
tion does not require expensive materials with particular rare
properties to be used, as the system is more dependent on the
geometry of the layer, rather than the material properties,
allowing for a much less expensive system. Other metasur-
faces able to be used in the magnetic reflector layers 368,
378 of the present invention include those described in the
article Switchable nonlinear metasurfaces for absorbing
high power surface waves by authors Kim et al., published
in Applied Physics Letters in 2016, which is incorporated
herein by reference in its entirety.

[0095] FIGS. 16A and 16B illustrate the state of a mobile
charging system reliant on on-vehicle RF generators with
and without a vehicle present. FIGS. 16A and 16B show that
when a vehicle is driving over the parallel cable transmis-
sion line system with an RF generator generating an initial
signal, the amplification is able to occur and charge the
vehicle. However, when the on-vehicle RF generator is not
present, there is no signal being amplified by the parallel line
transmission system and thus the energy is low. This allows
the system to prevent waste and prevents errant RF signals
from propagating except for the intended purpose of charg-
ing the vehicle.

[0096] FIG. 17 illustrates a network architecture for a
parallel transmission line for wireless power transfer to an
electric vehicle (EV) according to one embodiment of the
present invention. In one embodiment, the EV power deliv-
ery utilizes non-ohmic coupling between a pair of parallel
transmission lines and a receiving antenna configured in a
particular orientation and located at an offset distance from
the parallel transmission lines. In one embodiment, the
transmission line includes cables that are parallel and sus-
pended in the air (i.e., an actual pair of parallel cables), or
at least one cable suspended in the air and paired with a lossy
ground or another underground cable (i.e., a simulated
suspended parallel transmission line). In one embodiment,
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by identifying the presence and configuration of the pair of
parallel cables, the receiving antenna of a moving or sta-
tionary EV, is configured to receive energy transfers from the
pair of parallel cables. In one embodiment, the configuration
includes adjustment of alignment or antenna orientation
relative to a layout of the transmission line, a geolocation of
the EV, an adjustment of antenna resonant frequency, and/or
other parameters.

[0097] In one embodiment, the network environment 400
is a V2X communication environment that facilitates com-
munications between a V2X server 410 and other V2X
components such as an electric vehicle (EV) 420, user
equipment (UE) 430, and a transmission line infrastructure
system 440. In one embodiment, the EV 420 includes an
embedded electronic control unit (ECU) device 422. In one
embodiment, the V2X server 410 includes a charging area
register 412, a notification register 414, and a database 416.
In one embodiment, the infrastructure system 440 includes
atransmission line parameter control 442 and a database 444
to operate one or more transmission lines 446. The param-
eter control 442 is able to configure transmission line
terminations, operating frequencies, and/or the operating
power of the transmission lines 446. For illustration pur-
poses, the transmission lines 446 are able to represent the
actual pair of parallel cables able to transfer energy to the EV
420 along a path length 450, while a transmission line 446
and an earth ground 448 represents a simulated pair of
suspended parallel wires able to transfer energy to the EV
420 along a path length 460. The EV 420 is shown to be
mobile in this example and receives a wireless power
transfer from the pair of transmission lines 446 along the
path length 450 at a first instance and along the path length
460 at a second instance.

[0098] In one embodiment, the V2X server 410 performs
V2X communications with the other V2X components
through a radio interface 470, such as, for example, a Long
Term Evolution (LTE) interface (Uu) for cellular network
communications. In one embodiment, the V2X components
also establish and/or perform V2X communications with
one another through a direct communication channel inter-
face 480, such as, for example, an LTE V2X interface or new
radio (NR) V2X interface (PC5 interface) for direct com-
munications. In one embodiment, the direct communication
channel interface utilizes a shared spectrum such as the 5.9
GHz unlicensed band and, in some cases, the V2X commu-
nications utilizes both interfaces at the same time.

[0099] In one embodiment, the V2X server 410 facilitates
a wireless power transfer between the transmission line 446
and the EV 420 via a centralized management of the V2X
components in the network environment 400. For example,
the V2X server 410 receives information associated with the
transmission line 446 and the EV 420 that subscribed to
wireless power transfers by the transmission line. The infor-
mation of the EV 420 includes geolocations, respective
battery status, associated antenna configurations, and the
like. In one embodiment, the information associated with the
transmission line 446 includes their transmission length,
layout, operating frequencies, location, type of deployment,
whether they are suspended in the air or buried underground,
termination, loading, and/or other parameters. In this
example, the V2X server 410 utilizes the received informa-
tion as a reference when sending notifications that include
control signal information to the infrastructure system 440
and the EV 420. The control signal information includes a
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determined configuration of the receiving antenna in the EV
420, information about other charging areas relative to the
geolocation of the EV 420, and/or other information. In
various embodiments, the EV 420 uses its embedded ECU
device to determine the configuration of its receiving
antenna.

[0100] In one embodiment, transmission lines 446 include
coaxial cables, or other systems of conductors able to
transfer electrical signals from one location to another
location. In one embodiment, the transmission lines 446
include uninsulated electrical cables suspended from towers
or insulated electrical cables that are buried underground.
These electrical cables are classified based on their operating
voltages, transmission line length, and/or other parameters.
For example, a Low Voltage (LV) transmission line carries
less than 1000 volts and is used to distribute power to
residential or small commercial customers. In another
example, a short transmission line is shorter than 25 miles
long, and so on. In this embodiment, the transmission lines
446 are terminated to generate traveling waves or standing
waves able to be used for wireless power transfer to the EV
420 via non-ohmic coupling. The standing waves are gen-
erated when the transmission lines include unmatched ter-
mination while the traveling waves are produced then the
transmission lines are properly terminated (i.e., matched
termination). In various embodiments, the information asso-
ciated with the transmission lines 446 is transmitted by the
infrastructure system 440 to the V2X server 410 via net-
works.

[0101] In one embodiment, the infrastructure system 440
includes software, hardware, or a combination thereof, to
control the amount of power, operating frequency, termina-
tion, nodes, and/or other parameters of the transmission lines
446. The infrastructure system 440 utilizes a parameter
control 442 and database 444 to adjust the setting of the
transmission lines 446 for purposes of rendering wireless
power transtfer to another V2X component such as the EV
420. In one embodiment, the transmission lines 446 include
at least one cable that is suspended above a ground plane
(e.g., suspended in the air) and paired with a lossy ground or
paired with another cable that is similarly suspended above
the ground plane. In this embodiment, the pairing between
the at least one transmission line and the lossy ground such
as the earth ground 448 are configured to simulate the
pairing between the pair of parallel transmission lines that
are above the ground plane or suspended in the air. As shown
in FIG. 17, the actual pair of suspended parallel cables 446
extend along the path length 450 while the simulating pair
of cable 446 and earth ground 448 extend along the path 460.

[0102] In one embodiment, the EV 420 includes an auto-
mobile propelled by one or more electric motors, using
energy stored in its vehicle battery. Although not strictly
EVs, hybrid vehicles are also able to be propelled by one or
more electric motors in addition to an internal combustion
engine. In one embodiment, the EV 420 includes a unique
vehicle identification number (VIN), embedded sensors,
navigation applications to identify GPS location, and other
applications that are installed in the embedded ECU device
of the vehicle. In one embodiment, a vehicle battery (not
shown) of the EV includes a rechargeable battery such as a
lithium-ion battery. The vehicle battery includes parameters
such as maximum operating voltage, minimum operating
voltage, maximum self-charge, state-of-charge that defines a
total energy of the battery over available energy of the
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battery, depth of charge, and discharging rates. In one
embodiment, one or more of these battery parameters, VIN,
and/or other electric vehicle or data information are stored in
the embedded ECU device 422 of the EV 420. In one
embodiment, subscriber EV 420, via its ECU device 422,
continuously uploads its data information to the V2X server
410.

[0103] Inone embodiment, an embedded ECU device 422
includes a wireless communication electronic device inte-
grated into a vehicle’s platform as a portable computing
system. The device 422 includes onboard diagnostic (OBD)
and telematic compute unit (TCU) that send the EV’s data
information to the V2X server 410 and/or to another V2X
component such as another EV or the infrastructure system
440. In one embodiment, the device 422 includes hardware
circuit components able to process data, perform transmis-
sion and reception of data through a cellular network con-
nection (cellular network), broadband network, telephonic
network, an open network such as the Internet, a private
network, the direct communication channel, or any combi-
nation thereof. Further, the device 422 is able to be config-
ured to be a subscriber of one or more mobile network
operators (MNOs) or wireless telecommunications network
service providers (WTNSPs). The subscription is able to be
preconfigured during vehicle manufacture and is adjustable
from time to time such as, for example, when the device
changes MNOs/WTNSPs and/or adds network subscription
features. The subscription, for example, facilitates vehicle-
to-network (V2N) communications between the device 422
and the V2X server 410 through the networks 440. In one
embodiment, the device 422 is configured to be a subscriber
of an energy transfer application able to facilitate the wire-
less power transfer between the V2X components in the
V2X communication environment. In this embodiment, the
EV 420 uses the energy transfer application to receive the
wireless power transfer from the transmission lines 446.
[0104] In one embodiment, the V2X server 410 includes
general-purpose computers, network servers, or other elec-
tronic devices capable of receiving input, processing the
input, and generating output data. In one embodiment, the
input includes the information associated with the EV 420,
the infrastructure system 440, and the transmission lines
446. In one embodiment, the output data includes a deter-
mined configuration of the receiving antenna that is associ-
ated with the EV 420 for wireless power transfer.

[0105] In one embodiment, the UE 430 includes or is
embodied by a cellular phone, a smartphone, a session
initiation protocol (SIP) phone, a laptop, a personal digital
assistant (PDA), a satellite radio, a global positioning system
(GPS), a multimedia device, a video device, a camera, a
game console, a tablet, a smart device, a wearable device, or
any other similar functioning device. The UE 430 is also
referred to as a station, a mobile station, a subscriber station
or unit, a wireless unit, a mobile device, a wireless device,
an access terminal, a handset, a user agent, a mobile client,
or some other suitable terminology. In some embodiments,
the UE 430 uses the radio interface 470 to establish cellular
network communications with other V2X components such
as the EV 420 and/or the infrastructure system 440. In one
embodiment, the UE 430 also uses the direct communication
channel interface 480 to establish and perform V2X com-
munication with the embedded device 422 of the EV 420.
[0106] In an example embodiment of the wireless power
transfer operation, the V2X server 110 receives data infor-
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mation from the EV 420. In one embodiment, the data
information includes the geolocation of the EV 420, EV
battery parameters, and/or configuration of a receiving
antenna that is associated with the EV 420. Here, for
example, the EV 420 is a subscriber to the energy transfer
application that is implemented by the V2X server 410 as a
subscription provider. During subscription, a user of the EV
420 registers the VIN of the EV 420, name of owner, and
other information such as the user device 430 that is asso-
ciated with the user or owner of the EV 420. In this example,
the EV 420 continuously broadcasts its data information to
the V2X server 410 via the networks 440. In various
embodiments, the infrastructure system 440 also sends lay-
out, location, or configurations of the transmission lines 446
to the V2X server 410 for centralized management of the
wireless power transfer between the transmission line 446
and the EV 420.

[0107] With the received data information of the EV 420,
the V2X server 410 is able to utilize the charging areas
register 412 to identify the transmission lines 446 that are
located within range of the geolocation of the EV 420.
Further, the V2X server 410 is operable to retrieve the
layout, one or more parameters, or configurations of the
transmission lines 446 from the database 416 and utilize the
retrieved configurations to determine the likely configura-
tion of the receiving antenna of the EV 420. In some
embodiments, the V2X server 410 uses machine learning
algorithms to determine likely settings of the receiving
antenna at the geolocation of the EV 420. In these embodi-
ments, a data model is based upon historical data from
previous energy transfer operations at the geolocation of the
EV 420. The likely settings, for example, include a particular
antenna orientation, operating frequency, and/or power. In
one embodiment, upon determination of the configuration of
the EV receiving antenna, the V2X server 410 sends a
notification to the EV 420 and in some cases, to the
infrastructure system 440.

[0108] FIG. 18A is a schematic diagram of actual and
simulated parallel cables providing wireless power transfer
to a receiver antenna of a moving electric vehicle according
to one embodiment of the present invention. FIG. 18B is a
cross-sectional diagram of the parallel line transmission
system shown in FIG. 18A taken along section AA. An EV
500 is included with a receiver antenna 510 able to be used
to receive wireless power transfer from transmission lines
520 and 522. The EV 500 and the transmission lines 520 and
522 correspond to the EV 420 and transmission lines 446 of
FIG. 17.

[0109] In one embodiment, the receiver antenna 510
includes a half-wave dipole antenna with radiation lobes
512, 514 to receive non-ohmic coupling from the pair of
parallel cables 520 and 522 along a path length 530, which
corresponds to the path length 450 of FIG. 17. In one
embodiment, the radiation lobes 512, 514 include radiations
patterns that are perpendicular to a conductor of the half-
wave dipole antenna. As the EV 500 moves to a path length
540, which corresponds to the path length 460 of FIG. 17,
the pairing between the cable 520 and the earth ground 448
simulates the pair of suspended parallel cables 520 and 522
in the previous path length 530. In this embodiment, the EV
500 adjusts the configuration of the receiving antenna 510 as
the EV 500 moves from the path length 530 to the path
length 540. In both path lengths 530, 540, the receiving
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antenna 510, via electromagnetic coupling, receives wireless
power transfer to charge the battery of the EV 500.

[0110] In an example embodiment, when the EV 500 is
traversing the path length 530, the receiver antenna 510 is
configured to have the radiation lobes 512, 514 aligned in
parallel with an imaginary plane 550, which is formed by
connecting the parallel cables 520 and 522. As the EV 500
traverses the path length 530, which, in one embodiment, is
a highway that is in between the transmission lines 520 and
522, a length of the half-wave dipole receiver antenna 510
is aligned or adjusted to be perpendicular to the length of the
parallel transmission lines 520 and 522.

[0111] For example, as indicated by section “AA” 560, the
EV 500 and thus the receiver antenna 510 is under and in
between the cables 520 and 522, which form the imaginary
plane 550. A gap 570 indicates a distance between the
parallel cables 520, 522 while an offset distance 572 indi-
cates a vertical distance of the receiver antenna 510 from the
imaginary plane 550 that is formed by connecting the cables
520, 522. In this example, and as the EV 500 traverses the
path length 530, the receiver antenna 510 is configured to
have its antenna length 574 to be parallel and perpendicular
to the layout or configuration of the cables 520 and 522.
[0112] In some embodiments, the offset distance 572
between the receiver antenna 510 and the imaginary plane
550 includes a distance that is at least equal to the gap 570
to receive the wireless power transfer. In this embodiment,
the wireless power transfer is performed when the receiver
antenna 510 is more or less at an offset distance 572 from the
imaginary plane 550, which represents a high electromag-
netic field region between the cables 520 and 522 that
induces electrical energy to a resonant receiver antenna 510.
In some embodiments, the receiver antenna 510 includes
multiple half-wave dipole antennas able to toggle to cover
multiple orientations. The orientations are based upon lay-
out, location, and configuration of the cables along with the
geolocation of the EV 500. In these embodiments, the V2X
server 410 uses stored transmission layout, locations, trans-
mission line length, associated path lengths, and other
information when determining a desired configuration of the
receiver antenna S510.

[0113] In some embodiments, as the EV 500 traverses the
path length 540, the receiver antenna 510 receives non-
ohmic coupling between the pair of the cable 520 and the
earth ground 448. For example, the receiver antenna 510 is
a half-wave dipole antenna. In this example, the radiation
lobes of the half-wave dipole antenna are able to be adjusted
to be parallel to an imaginary plane 580 formed by connect-
ing the cable 520 to the earth ground 448. Here, the length
574 of the half-wave dipole antenna is configured to be in an
upright direction (i.e., perpendicular to a height of the
transmission line 520) and at an offset distance from the
imaginary plane 580 formed by connecting the transmission
line 520 to the ground. In some embodiments, the V2X
server 410 monitors the wireless power transfers at the path
length 540. In these embodiments, the V2X server 410
utilizes one or more machine learning algorithms to infer a
ranking of the antenna configurations that facilitate the
wireless power transfer at the path length 540.

[0114] In some embodiments, the receiver antenna 510
includes a combination of different antenna configurations
with different operating frequencies. In this example
embodiment, the V2X server 410 and/or the embedded
device in the EV 500 uses machine learning algorithms to

May 29, 2025

rank the antenna configurations able to be used for the
wireless power transfer. For example, the receiver antenna
510 receives a first amount of energy transfer at a first
operating frequency, a first geolocation, and as it traverses
the path 530 in a first direction. The receiver antenna 510
also receives a second amount of energy transfer at the same
operating frequency, geolocation, and as it traverses the path
530 at an opposite direction. In this example, the V2X server
410 or the EV 500 processes the historical data and uses one
or more machine learning algorithms to rank the configu-
ration of the receiver antenna 510 as the EV 500 traverses
the path 530 in a particular direction.

[0115] FIG. 19 is a schematic diagram of actual and
simulated parallel cables constituting a transmission line
providing wireless power transfer to a receiver antenna of a
stationary electric vehicle according to one embodiment of
the present invention. In this example, a stationary EV 600
with an ECU device 622 is used to receive wireless power
transfer from parallel cables.

[0116] However, in one embodiment, the system is able to
be integrated in a V2X system that involves active commu-
nication between the vehicles and the transmission line
infrastructure system. For example, in one embodiment, the
receiver antenna of the electric vehicle includes multiple
half-wave dipole antennas that are able to be toggled into
multiple orientations, potentially based on the layout, loca-
tion, and/or configuration of the cables relative to the electric
vehicle. In one embodiment, charging through the transmis-
sion line system is entirely initiated and controlled by the
V2X server (albeit with the vehicles and vehicle operators
having the choice whether to charge or use the line trans-
mission system at all), with the V2X server sending permis-
sions to allow the vehicle to begin charging via the system,
commands to reduce amount of charging, commands to
cease charging, or permissions to increase the amount of
charge. In another embodiment, charging is initiated largely
independently by each vehicle, but the V2X server is able to
provide parameters to improve charging speed and/or charg-
ing efficiency for the vehicle, playing a more supplementary
role.

[0117] In one embodiment, a V2X server stores the cable
layouts, locations, transmission line lengths, associated path
length, and/or other information regarding the transmission
line infrastructure system. In one embodiment, the V2X
server is able to receive a location of one or more electric
vehicles. In one embodiment, the V2X server determines
one or more preferred orientations of the receiver antennas
and transmits one or more suggestions to the electric
vehicles given their current location. In one embodiment, the
V2X server includes an artificial intelligence module oper-
able to determine a ranking of antenna configurations that
will best facilitate wireless power transfer. In one embodi-
ment, the artificial intelligence module takes into account
historical data (e.g., from each particular vehicle, from a
dataset of similar vehicles, and/or from a dataset of all
vehicles) in order to determine the ranking of antenna
configurations. In another embodiment, the V2X server is
able to transmit data regarding the transmission line infra-
structure system to the electric vehicles such that the electric
vehicles are able to determine, with onboard processing
capabilities, a preferred orientation of the receiver antenna.
[0118] In one embodiment, the V2X server includes a
charging areas register, a notification register, and a data-
base. In one embodiment, the database stores V2X compo-
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nent identifications, V2X component locations, EV battery
parameters, EV receiver antenna configurations, transmis-
sion line configurations, historical data for one or more
parameters, and/or other information pertaining to the trans-
mission line infrastructure and/or individual electric vehicle
parameters. In one embodiment, V2X component identifi-
cations includes unique vehicle identification numbers
(VINs) associated with each electric vehicle 10., vehicle
classifications (e.g., emergency vehicles, private vehicles,
public vehicles, etc.), vehicle make, vehicle build, vehicle
color, and/or other data associated with specific vehicles. In
one embodiment, the V2X component locations include
Global Positioning System (GPS) data for the vehicles
and/or other indications of the geolocation of the vehicles. In
one embodiment, EV battery parameters include maximum
and/or minimum operating voltages, maximum self-charge,
state-of-charge that indicates a level of charge of the battery
relative to its capacity, discharging rates, and/or other
parameters. In one embodiment, EV receiver antenna con-
figurations includes the alignment and orientation of one or
more antennas, operating frequencies, and/or other param-
eters associated with one or more antennas on each electric
vehicle. In one embodiment, transmission line configura-
tions includes length of the transmission lines between
nodes, amount of loading (overall and/or per segment), load
matching, power frequency, amount of power, layout or
manner of deployments (e.g., suspended in the air or buried
underground), gap distance between transmission lines, dis-
tances and height (or depth) of transmission lines, and/or
other transmission line parameters relating to carrying
power from one node to another node. In one embodiment,
the V2X server receives data updates regarding vehicle
geolocation, battery parameters, receiver configurations,
transmission line configurations, and/or other variables and
updates and/or adds to the database values accordingly. The
V2X server is able to control configurations and properties
of the cables, including but not limited to, current and
voltage across individual segments of the transmission line
system, inductive or resistive coupling between different
segments of the transmission line system, and/or other
parameters.

[0119] In one embodiment, the V2X server is operable to
communicate with an onboard processor of each electric
vehicle via a Uu interface. One of ordinary skill in the art
will understand that the V2X server is not necessarily a
single server at a centralized location, but is able to encom-
pass a plurality of servers or server nodes distributed
throughout an area (e.g., placed at locations in the vicinity
of the transmission line). In one embodiment, this encom-
passes an edge computing paradigm, wherein servers or
server nodes at positions proximate to the transmission lines
(or relevant transmission line segments) perform the bulk of
the processing, while one or more central servers handles
larger scale management and backfill, with a reduced pro-
cessing load.

[0120] FIG. 20 is a block diagram showing exchange of
data information between a vehicle-to-everything (V2X)
server and other V2X components in a V2X communication
environment according to one embodiment of the present
invention. In FIG. 20, the V2X server 410 is able to perform
the central management for the wireless power transfer
between the transmission lines and the EV 420.

[0121] Asshown, the EV 420 is represented by the embed-
ded device 422 which further includes a vehicle ID 700,
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vehicle location 702, battery parameters 704, and receiver
antenna configuration 706. In one embodiment, the V2X
server 410 includes the charging areas register 412, notifi-
cation register 414, and the database 416 that further
includes a V2X component identification 720, V2X compo-
nent location 722, EV battery parameter 724, EV receiver
antenna configuration 726, and transmission line configura-
tion 748. In one embodiment, the infrastructure 440 includes
the parameter control 442 and the database 444, which
includes a transmission line configuration 740.

[0122] In one embodiment, EV 420 and the infrastructure
system 440 exchange data information through a PCS5 inter-
face 760 while the V2X server 410 communicates with the
embedded device 422 through a Uu 780. For example, the
V2X server 410 implements the centralized management for
the wireless power transfer by sending control signals to the
EV 420 and the infrastructure system 440 via the Uu 780.
The control signals include desired antenna configuration of
the EV 420. In another example, the EV 420 directly
communicates with the infrastructure system 440 via the
PCS interface 760 for the purposes of receiving energy
transfer. In this other example, the infrastructure system 440
is located along the vicinity of the transmission lines where
the EV 420 is geolocated.

[0123] In one embodiment, the vehicle ID 700 stores
information such as a unique vehicle identification number
(VIN) that is associated with the EV 440. The vehicle ID 700
also includes the vehicle classification (e.g., emergency
vehicle, private vehicle, public vehicle), make, build, and/or
color. During subscription, the V2X server 410 receives the
data in the vehicle ID 700 and stores the received data in the
V2X component identification 720. In various embodi-
ments, the V2X component identification 720 stores the
vehicle IDs of the different subscriber EVs in the network
communication environment.

[0124] In one embodiment, the vehicle location 702 stores
information such as a current location of the EV 420. The
EV 420 uses a Global Positioning System (GPS) or other
navigation mechanisms to detect its current physical loca-
tion. Particularly, the EV 420 is able to use its GPS and/or
installed geolocation tracking application (e.g., Google map)
to track its location at different portions of a projected path
when traversing a road towards a destination point. In an
example embodiment, the V2X server 410 receives updates
in the geolocation of the EV 420 and stores the geolocation
updates in the V2X component location 722. In various
embodiments, the V2X component location 722 stores the
updated geolocations of the different subscriber EVs in the
network communication environment. Here, the V2X server
410 uses the V2X component identification 720 to identify
the corresponding geolocations of the different subscriber
EVs.

[0125] Inone embodiment, battery parameters 704 include
maximum and minimum operating voltages, maximum self-
charge, the state-of-charge that indicates a level of charge of
the battery relative to its capacity, and discharging rates.
These parameters are able to be configured to maintain, for
example, a target state-of-charge level that corresponds to an
amount of energy that, at any given moment, indicates how
much energy is needed to complete a task. In one embodi-
ment, the V2X server 410 receives the data information from
the battery parameters 704 and store the data information in
the EV battery parameter 724. In various embodiments, the
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EV battery parameter 724 stores the battery parameters of
the different subscriber EVs in the network communication
environment.

[0126] Inone embodiment, receiver antenna configuration
706 include a configuration of the receiving antenna of the
EV 420. In one embodiment, the EV 420 includes a half-
wave dipole antenna configured to receive the energy trans-
fer from the pair of parallel cables. For example, the EV 420
and thus, the embedded half-wave dipole antenna is located
in between the transmission lines. In this example, the
half-wave dipole antenna is aligned and configured to
receive the wireless power transfer from the transmission
lines. The configuration includes an adjustment in orienta-
tion, operating frequency, termination, and/or other param-
eters. In various embodiments, the V2X server 410 receives
the updated antenna configuration of EV 420 and stores the
antenna configuration in the EV receiver antenna configu-
ration 726. Here, the EV receiver antenna configuration 726
stores the receiver antenna configurations of the different
subscriber EVs in the network communication environment.
[0127] Referencing the infrastructure system 440, the
transmission line configuration 740 includes settings of the
different transmission lines that are being operated by the
infrastructure system 440. The settings include a length of
the transmission lines between nodes, amount of loading,
load matching, power frequency, amount of power, layout or
manner of deployments such as suspended in the air or
buried underground, amount of gap between the transmis-
sion lines, distances and height of the suspended transmis-
sion lines, and/or other transmission line parameters that
relate to carrying of power from one node to another node.
In various embodiments, the V2X server 410 receives the
parameters of the transmission line configuration 740 and
stores the updated transmission line configuration in the
transmission line configuration 728. Here, the transmission
line configuration 728 stores the transmission line configu-
rations of different transmission line-infrastructure systems
in the network communication environment.

[0128] In one embodiment, the V2X server 410 monitors
and receives data updates from the vehicle geolocation 402,
battery parameters 404, receiver configuration 406, param-
eter control 144, and/or the transmission line configuration
440. The V2X server 410 performs the monitoring continu-
ously, after an interval of time, or upon a detection of a
triggering event such as, without limitation, receiving a
request for an energy transfer by the EV 420. In this
embodiment, the V2X server 410 uses the received data
updates to implement the wireless power transfer between
the pair of parallel transmission lines and the receiver
antenna of the EV 420.

[0129] In various embodiments, the V2X server 410
employs one or more trained machine-learning algorithms to
infer a list or set of receiver antenna configurations that are
likely to correspond with optimal energy transfer between
the transmission lines and the EV 420. In one embodiment,
the V2X server 410 further analyzes the set of receiver
antenna configurations to infer an ordered ranking of the
receiver antenna configurations. A superior ranking is able to
be afforded to the antenna configuration that is most likely
to support the optimal energy transfer to the receiver
antenna. For example, the V2X server 410 generates a data
model (or predictive model) using historical receiver
antenna configurations associated with historical instances
of energy transfers between the actual or simulated parallel
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transmission lines and one or more EVs on a particular
geolocation. In this example, the V2X server 410 utilizes the
data model on updated data information to rank the receiver
antenna configurations that are likely to generate the optimal
energy transfer.

[0130] FIG. 21 is a block diagram showing various com-
ponents of a V2X server according to one embodiment of the
present invention. The V2X server 1000 is able to facilitate
the wireless power transfer between the pair of parallel
transmission lines and a mobile or stationary EV. The V2X
server 1000 corresponds to the V2X server 410 of FIG. 17,
and described herein to operate with more or fewer of the
components as shown.

[0131] V2X server 1000 includes a communication inter-
face 1002, one or more processors 1010, and a memory
1030. In one embodiment, the processors 1010 further
include an energy transfer application 1012. The memory
1030 further includes a memory controller 1040, notification
registers 1050, a database 1060 including V2X component
identifications 1061, V2X component locations 1062, EV
battery parameters 1063, EV receiver configurations 1064,
and transmission line configurations 1065. The notification
registers 1050 and database 1060 correspond to the notifi-
cation register 414 and the database 416, respectively, of
FIG. 17.

[0132] The communication interface 1002 includes hard-
ware, software, or a combination of hardware and software
that transmits and/or receives data from the V2X compo-
nents such as the EV via its embedded device, UE, and the
transmission line infrastructure system. Communication
interface 1002 includes a transceiver that facilitates wired or
wireless communications through a cellular network or the
broadband network. For example, the communications are
able to be achieved via one or more networks, such as, but
are not limited to, one or more of WiMax, a Local Area
Network (LAN), Wireless Local Area Network (WLAN), a
Personal area network (PAN), a Campus area network
(CAN), a Metropolitan area network (MAN), a wide area
network (WAN), a Wireless wide area network (WWAN), or
any broadband network, and further enabled with technolo-
gies such as, by way of example, Global System for Mobile
Communications (GSM), Personal Communications Service
(PCS), Bluetooth, WiFi, Fixed Wireless Data, 2G, 5G (new
radio), 3G (e.g., WCDMA/UMTS based 3G networks), 4G,
IMT-Advanced, pre-4G, LTE Advanced, mobile WiMax,
WiMax 2, WirelessMAN-Advanced networks, enhanced
data rates for GSM evolution (EDGE), General packet radio
service (GPRS), enhanced GPRS, iBurst, UMTS, HSPDA,
HSUPA, HSPA, HSPA+, UMTS-TDD, 1xRTT, EV-DO,
messaging protocols such as, TCP/IP, SMS, MMS, exten-
sible messaging and presence protocol (XMPP), real time
messaging protocol (RTMP), instant messaging and pres-
ence protocol (IMPP), instant messaging, USSD, IRC, or
any other wireless data networks, broadband networks, or
messaging protocols.

[0133] In one embodiment, the processor(s) 1010 include
a central processing unit(s) (CPU), graphics processing
unit(s) (GPU), both a CPU and GPU or any other sort of
processing unit(s). Each of the one or more processor(s)
1010 are able to include numerous arithmetic logic units
(ALUs) that perform arithmetic and logical operations as
well as one or more control units (CUs) that extract instruc-
tions and stored content from processor cache memory, and
then execute these instructions by calling on the ALUs, as
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necessary during program execution. The one or more
processor(s) 1010 are also responsible for executing all
computer applications stored in the memory, which are
associated with common types of volatile (RAM) and/or
non-volatile (ROM) memory. For example, the processor(s)
1010 process data that the V2X server 1000 receives through
the communication interface 1002. In another example, the
processor(s) 1010 use the communication interface 1002 to
send the notifications to the V2X components.

[0134] Inone embodiment, the energy transfer application
1012 includes hardware, software, or a combination of
hardware and software that implements the desired wireless
power transfer between the actual or simulated pair of
parallel transmission lines and the EV batteries. As
described above in FIGS. 8A and 8B, the actual pair of
parallel transmission lines are illustrated by the transmission
lines 520, 522 along the path length 530 while the simulated
pair of parallel suspended transmission lines may be illus-
trated by the transmission line 520 and the earth ground 448
along the path length 540.

[0135] The memory 1030 is able to be implemented using
computer-readable media, such as computer-readable stor-
age media. Computer-readable media includes, at least, two
types of computer-readable media, namely computer-read-
able storage media and communications media. Computer-
readable storage media includes, but is not limited to,
Random Access Memory (RAM), Dynamic Random Access
Memory (DRAM), Read-Only Memory (ROM), Electrically
Erasable Programmable Read-Only Memory (EEPROM),
flash memory or other memory technology, Compact Disc-
Read-Only Memory (CD-ROM), digital versatile disks
(DVD), high-definition multimedia/data storage disks, or
other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other non-transmission medium that can be used to store
information for access by a computing device. As defined
herein, computer-readable storage media do not consist of
and are not formed exclusively by, modulated data signals,
such as a carrier wave. In contrast, communication media
embody computer-readable instructions, data structures,
program modules, or other data in a modulated data signal,
such as a carrier wave, or other transmission mechanisms.
The memory 1030 also includes a firewall. In some embodi-
ments, the firewall is implemented as a hardware in the V2X
server 1000.

[0136] In one embodiment, the memory controller 1040
includes hardware, software, or a combination thereof, that
enables the memory 1030 to interact with the communica-
tion interface 1002, processor(s) 1010, and other compo-
nents of the V2X server 1000. For example, the memory
controller 1040 facilitates the retrieval of data from the V2X
component identifications 1061, V2X component locations
1062, EV battery parameters 1063, and so on, for processing
by the processor(s) 1010. Similarly, memory controller 1040
facilitates the storing of the data information from the other
V2X components within the V2X communications environ-
ment.

[0137] Notification register 1050 includes hardware, soft-
ware, or a combination of hardware and software that stores
the notifications that were transmitted to the subscriber V2X
components. In one example, the transmitted notifications
include the projected charging areas along the path of the
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EV, subscription charges for the received energy transfer,
suggested antenna configurations of the EV along different
paths, and the like.

[0138] FIG. 22 is a flow diagram of a process for imple-
menting wireless power transfer to an electric vehicle
according to one embodiment of the present invention. The
process 1100 is illustrated as a collection of blocks in a
logical flow chart, which represents a sequence of operations
able to be implemented in hardware, software, or a combi-
nation thereof. In the context of software, the blocks repre-
sent computer-executable instructions that, when executed
by one or more processors, perform the recited operations.
Generally, computer-executable instructions include rou-
tines, programs, objects, components, data structures, and
the like that perform particular functions or implement
particular abstract data types. The order in which the opera-
tions are described is not intended to be construed as a
limitation, and any number of the described blocks are able
to be combined in any order and/or in parallel to implement
the process. For discussion purposes, the process 1100 is
described with reference to FIGS. 7-11.

[0139] At block 1102, the V2X server receives a geolo-
cation of a V2X component. In one example, the V2X
component includes the EV that continuously transmits its
geolocation and other data information to the V2X server.
The EV is associated with a receiver antenna.

[0140] At block 1104, the V2X server may identifies a pair
of parallel transmission lines at the geolocation of the V2X
component. In one example, the V2X server uses data
information from the infrastructure system that operates the
transmission lines. The data information includes locations
and configurations of the transmission lines. Here, the V2X
server maps the received geolocation of the V2X component
to the stored geolocations of the transmission lines and
identifies the pair of parallel transmission lines that are able
to perform the wireless power transfer to the EV. In various
embodiments, the identified pair of parallel transmission
lines may include an actual pair or a simulated pair of
parallel transmission lines that are within range from the EV.
For example, the EV is geolocated between the pair of
parallel transmission lines and the receiver antenna is dis-
posed at an offset distance from an imaginary plane that is
formed by the pair of parallel transmission lines. In this
example, the offset distance is at least equal to a spacing/gap
between the pair of parallel transmission lines.

[0141] At block 1106, the V2X server identifies a con-
figuration of the identified pair of parallel transmission lines.
For example, the configuration includes the layout or type of
deployment such as whether the identified pair of parallel
transmission lines are suspended in the air, one transmission
line is suspended in the air while the paired transmission line
that is buried underground, or a single transmission line is
suspended in the air and the single transmission line is paired
with the earth ground. In this example, the transmission line
that is paired with an underground transmission line or the
earth ground simulates the pair of parallel transmission lines
that are suspended in the air. In another example, the
configuration of the pair of parallel transmission lines
includes transmission length, operating frequency, and type
of termination. The type of termination generates the stand-
ing waves or the travelling waves.

[0142] At block 1108, the V2X server determines a con-
figuration of a receiving antenna associated with the V2X
component based on the identified configuration of the pair
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of parallel transmission lines. For example, as described in
FIGS. 8A and 8B, the EV includes a half-wave dipole
antenna. In this example, the determined configuration
includes aligning the length of the half-wave dipole antenna
to be perpendicular with the pair of parallel transmission
lines. In this example still, the radiation lobes that are
generated by the half-wave dipole antenna are parallel to the
imaginary plane that is formed by connecting the transmis-
sion lines.

[0143] Inanother embodiment, the V2X server uses one or
more machine learning algorithms to infer a set of configu-
rations for the antenna to receive the energy transfer at the
geolocation of the V2X component. In this embodiment, the
V2X component initially utilizes a selected configuration
from the set of configurations and uses a threshold value to
adjust to another configuration in the set of configurations.
[0144] At block 1110, the V2X server sends a notification
to the V2X component. For example, the notification
includes the determined antenna configuration such as,
without limitation, an operating frequency, the orientation of
the antenna, termination of the antenna, activation of the
antenna when traversing a particular path, adjustment of the
power of the antenna when traversing a path associated with
a simulated pair of parallel transmission lines, and/or other
configuration settings.

[0145] FIG. 23 is a flow diagram of a process for adjusting
the configuration of a receiver antenna of an electric vehicle
according to one embodiment of the present invention. The
pair of parallel transmission lines are able to include actual
or simulated pair of parallel transmission lines. The process
1200 is illustrated as a collection of blocks in a logical flow
chart, which represents a sequence of operations that are
implemented in hardware, software, or a combination
thereof. In the context of software, the blocks represent
computer-executable instructions that, when executed by
one or more processors, perform the recited operations.
Generally, computer-executable instructions include rou-
tines, programs, objects, components, data structures, and
the like that perform particular functions or implement
particular abstract data types. The order in which the opera-
tions are described is not intended to be construed as a
limitation, and any number of the described blocks are able
to be combined in any order and/or in parallel to implement
the process. For discussion purposes, the process 1200 is
described with reference to FIGS. 7-11.

[0146] At block 1202, the V2X server identifies a con-
figuration of a receiver antenna that is associated with a V2X
component. For example, the V2X component includes the
EVthat is associated with the receiver antenna.

[0147] At block 1204, the V2X server determines an
amount of energy transfer from at least one transmission
line. For example, the EV continuously transmits data infor-
mation updates to the V2X server. In this example, the V2X
server utilizes the received data information to determine the
amount of energy transfer from the at least one transmission
line. In various embodiments, the at least one transmission
line is paired with another transmission line or paired with
the earth ground. In these embodiments, the receiver antenna
is geolocated in between the pair of parallel transmission
lines.

[0148] At decision block 1206, the V2X server compares
the received amount of energy transfer with a threshold. If
the received amount of energy transfer is greater than the
threshold (“Yes” at block 1206), then, at block 1208, the
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V2X server sends a control signal to the V2X component to
continuously perform the energy transfer. However, if the
received amount of energy transfer is less than the threshold
(“No” at block 1206), then, at block 1210, the V2X server
adjusts the configuration of the receiver antenna. The adjust-
ment of configuration, for example, includes changing ori-
entation, operating frequency, or power of the receiving
antenna.

[0149] After the adjustment of the antenna configuration,
and at block 1204, the V2X server continues to determine
the amount of energy transfer from the at least one trans-
mission line. In some embodiments, the V2X server utilizes
one or more machine learning algorithms to determine the
optimal adjustment in the configuration of the receiving
antenna.

Results

[0150] Cables with various parameters were tested to
determine the power transferred for particular efficiencies,
with the assumed coil efficiency being 90% and the assumed
current being constant at 1000 A. Tests were performed that
evaluated the power transfer, P, and necessary load resis-
tance, R;, needed to achieve the 90% efliciency. The first
case, results of which are shown in Table I below, utilized a
driving frequency of 20 kHz and a coil number of 250,
which demonstrated a power dissipation in 1 km of cable as
being approximately 0.817 MW. The second case, results of
which are shown in Table II below, utilized a driving
frequency of 2 MHz, but with a coil number of 2.5, which
showed a power dissipation per 1 km of cable as being
approximately 8.17 MW.

TABLE 1

20 kHz with N = 250 Results

a, [mm] by [kW] R. [€]
0.5 2.01 79.2
1.0 4.03 39.6
2.0 8.06 19.8

TABLE 1I
2 MHz with N = 2.5 Results

a, [mm] by [kW] R. [€]
0.5 20.1 7.92
1.0 40.3 3.96
2.0 80.6 1.98

[0151] Next, tests were performed measuring the perfor-
mance of the system with multiple cars, with the number of
cars per km, M, varying. It was assumed that N,=10 for each
side of the highway, with each cable therefore carrying 1/10
A. The current is adjusted so that the power for the load for
each vehicle was approximately 3-4 kW at each frequency.
A 90% efficiency was assumed for the receiver coil, as in the
first tests. Again, tests were performed at 20 kHz and 2 MHz,
with the 20 kHz version having 1000 A total (or 100 A per
cable) with P, equal to 4.03 kW, and the 2 MHz version
having 200 A total (or 20 A per cable) with P; equal to 3.23
kW. For the 20 kHz, a receive coil wire radius of 1 mm with
250 turns was used, while the 2 MHz test utilized a receive
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coil radius of 2 mm with 2.5 turns. The results of the 20 kHz
and 2 MHz multiple vehicle tests are shown below in Tables
IIT and 1V, respectively. For the 20 kHz test, power dissi-
pated in 1 km was found to be 81.7 kW, while the number
stood at 32.6 kW for the 2 MHz test.

TABLE III

20 kHz with N = 250 Results, multiple vehicle:

M (cars/km) Csysrem

1 4.7%

10 33.1%

100 83.2%

500 96.1%
TABLE IV

2 MHz with N = 2.5 Results, multiple vehicles

M (cars/km) Csysrem
1 9.0%

10 49.7%

100 90.8%

500 98.0%

[0152] The tests demonstrate that it is possible to wire-
lessly transfer sufficient power to a vehicle to charge it while
it is driving at high speeds along a highway utilizing cables
running along the outside of the highway. Using more cables
allows for lower cable loss for the same total current and
therefore provides improved power transfer. High efficien-
cies were demonstrate with approximately 100 vehicles at
least being on the road, with higher frequencies (such as 2
MHz) being more efficient than lower frequencies, but with
lower load resistances.

[0153] One of ordinary skill in the art will understand that
although the present invention is primarily intended for
terrestrial vehicles traveling along a road, the possibility of
suspended cables for use in the present invention, as shown
in FIG. 17, allows the present invention to also be used for
the purpose of charging aerial vehicles, especially drones or
other unmanned aerial vehicles. The method of operation of
the present invention for use in drone charging is substan-
tially similar to that used for terrestrial vehicles. One of
ordinary skill in the art will understand that terrestrial
vehicles includes not only cars and trucks intended for
personal use, but also is especially useful for commercial
and industrial vehicles, such as semitrucks, forklifts, trac-
tors, and/or other types of vehicles.

[0154] FIG. 24 is a schematic diagram of an embodiment
of the invention illustrating a computer system, generally
described as 800, having a network 810, a plurality of
computing devices 820, 830, 840, a server 850, and a
database 870.

[0155] The server 850 is constructed, configured, and
coupled to enable communication over a network 810 with
a plurality of computing devices 820, 830, 840. The server
850 includes a processing unit 851 with an operating system
852. The operating system 852 enables the server 850 to
communicate through network 810 with the remote, distrib-
uted user devices. Database 870 is operable to house an
operating system 872, memory 874, and programs 876.
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[0156] In one embodiment of the invention, the system
800 includes a network 810 for distributed communication
via a wireless communication antenna 812 and processing
by at least one mobile communication computing device
830. Alternatively, wireless and wired communication and
connectivity between devices and components described
herein include wireless network communication such as
WI-FI, WORLDWIDE INTEROPERABILITY FOR
MICROWAVE ACCESS (WIMAX), Radio Frequency (RF)
communication including RF identification (RFID), NEAR
FIELD COMMUNICATION (NFC), BLUETOOTH includ-
ing BLUETOOTH LOW ENERGY (BLE), ZIGBEE, Infra-
red (IR) communication, cellular communication, satellite
communication, Universal Serial Bus (USB), Ethernet com-
munications, communication via fiber-optic cables, coaxial
cables, twisted pair cables, and/or any other type of wireless
or wired communication. In another embodiment of the
invention, the system 800 is a virtualized computing system
capable of executing any or all aspects of software and/or
application components presented herein on the computing
devices 820, 830, 840. In certain aspects, the computer
system 800 is operable to be implemented using hardware or
a combination of software and hardware, either in a dedi-
cated computing device, or integrated into another entity, or
distributed across multiple entities or computing devices.

[0157] By way of example, and not limitation, the com-
puting devices 820, 830, 840 are intended to represent
various forms of electronic devices including at least a
processor and a memory, such as a server, blade server,
mainframe, mobile phone, personal digital assistant (PDA),
smartphone, desktop computer, netbook computer, tablet
computer, workstation, laptop, and other similar computing
devices. The components shown here, their connections and
relationships, and their functions, are meant to be exemplary
only, and are not meant to limit implementations of the
invention described and/or claimed in the present applica-
tion.

[0158] In one embodiment, the computing device 820
includes components such as a processor 860, a system
memory 862 having a random access memory (RAM) 864
and a read-only memory (ROM) 866, and a system bus 868
that couples the memory 862 to the processor 860. In
another embodiment, the computing device 830 is operable
to additionally include components such as a storage device
890 for storing the operating system 892 and one or more
application programs 894, a network interface unit 896,
and/or an input/output controller 898. Each of the compo-
nents is operable to be coupled to each other through at least
one bus 868. The input/output controller 898 is operable to
receive and process input from, or provide output to, a
number of other devices 899, including, but not limited to,
alphanumeric input devices, mice, electronic styluses, dis-
play units, touch screens, gaming controllers, joy sticks,
touch pads, signal generation devices (e.g., speakers), aug-
mented reality/virtual reality (AR/VR) devices (e.g., AR/'VR
headsets), or printers.

[0159] By way of example, and not limitation, the pro-
cessor 860 is operable to be a general-purpose micropro-
cessor (e.g., a central processing unit (CPU)), a graphics
processing unit (GPU), a microcontroller, a Digital Signal
Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA), a Pro-
grammable Logic Device (PLD), a controller, a state
machine, gated or transistor logic, discrete hardware com-
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ponents, or any other suitable entity or combinations thereof
that can perform calculations, process instructions for
execution, and/or other manipulations of information.

[0160] In another implementation, shown as 840 in FIG.
24, multiple processors 860 and/or multiple buses 868 are
operable to be used, as appropriate, along with multiple
memories 862 of multiple types (e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP
core).

[0161] Also, multiple computing devices are operable to
be connected, with each device providing portions of the
necessary operations (e.g., a server bank, a group of blade
servers, or a multi-processor system). Alternatively, some
steps or methods are operable to be performed by circuitry
that is specific to a given function.

[0162] According to various embodiments, the computer
system 800 is operable to operate in a networked environ-
ment using logical connections to local and/or remote com-
puting devices 820, 830, 840 through a network 810. A
computing device 830 is operable to connect to a network
810 through a network interface unit 896 connected to a bus
868. Computing devices are operable to communicate com-
munication media through wired networks, direct-wired
connections or wirelessly, such as acoustic, RF, or infrared,
through an antenna 897 in communication with the network
antenna 812 and the network interface unit 896, which are
operable to include digital signal processing circuitry when
necessary. The network interface unit 896 is operable to
provide for communications under various modes or proto-
cols.

[0163] In one or more exemplary aspects, the instructions
are operable to be implemented in hardware, software,
firmware, or any combinations thereof. A computer readable
medium is operable to provide volatile or non-volatile
storage for one or more sets of instructions, such as oper-
ating systems, data structures, program modules, applica-
tions, or other data embodying any one or more of the
methodologies or functions described herein. The computer
readable medium is operable to include the memory 862, the
processor 860, and/or the storage media 890 and is operable
be a single medium or multiple media (e.g., a centralized or
distributed computer system) that store the one or more sets
of instructions 900. Non-transitory computer readable media
includes all computer readable media, with the sole excep-
tion being a transitory, propagating signal per se. The
instructions 900 are further operable to be transmitted or
received over the network 810 via the network interface unit
896 as communication media, which is operable to include
a modulated data signal such as a carrier wave or other
transport mechanism and includes any delivery media. The
term “modulated data signal” means a signal that has one or
more of its characteristics changed or set in a manner as to
encode information in the signal.

[0164] Storage devices 890 and memory 862 include, but
are not limited to, volatile and non-volatile media such as
cache, RAM, ROM, EPROM, EEPROM, FLLASH memory,
or other solid state memory technology; discs (e.g., digital
versatile discs (DVD), HD-DVD, BLU-RAY, compact disc
(CD), or CD-ROM) or other optical storage; magnetic
cassettes, magnetic tape, magnetic disk storage, floppy
disks, or other magnetic storage devices; or any other
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medium that can be used to store the computer readable
instructions and which can be accessed by the computer
system 800.

[0165] In one embodiment, the computer system 800 is
within a cloud-based network. In one embodiment, the
server 850 is a designated physical server for distributed
computing devices 820, 830, and 840. In one embodiment,
the server 850 is a cloud-based server platform. In one
embodiment, the cloud-based server platform hosts server-
less functions for distributed computing devices 820, 830,
and 840.

[0166] In another embodiment, the computer system 800
is within an edge computing network. The server 850 is an
edge server, and the database 870 is an edge database. The
edge server 850 and the edge database 870 are part of an
edge computing platform. In one embodiment, the edge
server 850 and the edge database 870 are designated to
distributed computing devices 820, 830, and 840. In one
embodiment, the edge server 850 and the edge database 870
are not designated for distributed computing devices 820,
830, and 840. The distributed computing devices 820, 830,
and 840 connect to an edge server in the edge computing
network based on proximity, availability, latency, band-
width, and/or other factors.

[0167] It is also contemplated that the computer system
800 is operable to not include all of the components shown
in FIG. 24, is operable to include other components that are
not explicitly shown in FIG. 24, or is operable to utilize an
architecture completely different than that shown in FIG. 24.
The various illustrative logical blocks, modules, elements,
circuits, and algorithms described in connection with the
embodiments disclosed herein are operable to be imple-
mented as electronic hardware, computer software, or com-
binations of both. To clearly illustrate this interchangeability
of hardware and software, various illustrative components,
blocks, modules, 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 particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for
each particular application (e.g., arranged in a different order
or partitioned in a different way), but such implementation
decisions should not be interpreted as causing a departure
from the scope of the present invention.

[0168] Certain modifications and improvements will occur
to those skilled in the art upon a reading of the foregoing
description. The above-mentioned examples are provided to
serve the purpose of clarifying the aspects of the invention
and it will be apparent to one skilled in the art that they do
not serve to limit the scope of the invention. All modifica-
tions and improvements have been deleted herein for the
sake of conciseness and readability but are properly within
the scope of the present invention.

The invention claimed is:

1. A mobile charging system for vehicles, comprising:

a plurality of transmission line segments, each including
aplurality of parallel cables, within, placed atop, and/or
suspended above at least one roadway;

at least one power supply line configured to provide
current from at least one power source to the plurality
of transmission line segments;
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at least one controller configured to modulate an amount
of power supplied to the plurality of transmission line
segments via the at least one power supply line; and

at least one sensor configured to produce sensor data
corresponding to an electromagnetic environment
around the plurality of transmission line segments
and/or an electric property of the plurality of transmis-
sion line segments;

wherein at least one section of the plurality of transmis-
sion line segments is oriented substantially parallel
with the direction of traffic of the at least one roadway;
and

wherein the at least one controller increases or decreases
the amount of power supplied to the plurality of trans-
mission line segments via the at least one power supply
line based on the sensor data.

2. The system of claim 1, wherein the at least one sensor
includes at least one voltage sensor, at least one magnetic
field sensor, at least one electric field sensor, at least one line
frequency sensor, and/or at least one current sensor.

3. The system of claim 1, wherein the at least one
controller is configured to maintain a power level of
approximately 1 MW or higher in the plurality of transmis-
sion line segments.

4. The system of claim 1, wherein each of the plurality of
transmission line segments are formed by at least two
concentric cable loops, and where the at least one controller
is configured to selectively couple the at least two concentric
cable loops of at least two adjacent transmission line seg-
ments.

5. The system of claim 4, wherein the selective coupling
of the at least two concentric cable loops of the at least two
transmission line segments includes inductive coupling and/
or direct coupling of the at least two transmission line
segments.

6. The system of claim 1, wherein each of the plurality of
transmission line segments are formed by at least two
concentric cable loops, wherein first sections of the at least
two concentric cable loops are substantially parallel and
separated by a first gap in or on a first roadway and wherein
second sections of the at least two concentric cable loops are
substantially parallel and separated by a second gap in or on
a second roadway.

7. The system of claim 1, wherein the at least one
controller is operable to receive power supply information
from at least one power supply source connected with the
plurality of transmission line segments, and wherein the at
least one controller is operable to transmit a power supply
request to at least one central controller.

8. The system of claim 1, wherein the at least one
controller is operable to determine a number of electric
vehicles on one or more of the plurality of transmission line
segments based on the sensor data.

9. A mobile charging system for vehicles, comprising:

a plurality of transmission line segments embedded
within, placed atop, and/or suspended above at least
one roadway;

at least one power supply line configured to provide
current from at least one power source to the plurality
of transmission line segments;

at least one controller configured to modulate an amount
of power supplied to the at least one cable loop via the
at least one power supply line; and
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at least one sensor configured to produce sensor data
corresponding to an electromagnetic environment
around the plurality of transmission line segments
and/or an electric property of the plurality of transmis-
sion line segments;

wherein at least one section of the plurality of transmis-

sion line segments is oriented substantially parallel
with the direction of traffic of the at least one roadway;
and

wherein the at least one controller is operable to deter-

mine a number of vehicles on one or more of the
plurality of transmission line segments based on the
sensor data.

10. The system of claim 9, wherein the at least one sensor
includes at least one voltage sensor, at least one magnetic
field sensor, at least one electric field sensor, at least one line
frequency sensor, and/or at least one current sensor.

11. The system of claim 9, wherein the at least one
controller is configured to maintain a power level of
approximately 1 MW or higher in the plurality of transmis-
sion line segments.

12. The system of claim 9, wherein each of the plurality
of transmission line segments are formed by at least two
concentric cable loops, and where the at least one controller
is configured to selectively couple the at least two concentric
cable loops of at least two adjacent transmission line seg-
ments.

13. The system of claim 12, wherein the selective cou-
pling of the at least two adjacent transmission line segments
includes inductive coupling and/or direct coupling of the at
least two adjacent transmission line segments.

14. The system of claim 9, wherein each of the plurality
of transmission line segments are formed by at least two
concentric cable loops, wherein first sections of the at least
two concentric cable loops are substantially parallel and
separated by a first gap in or on a first roadway and wherein
second sections of the at least two concentric cable loops are
substantially parallel and separated by a second gap in or on
a second roadway.

15. The system of claim 9, wherein the at least one
controller is operable to receive power supply information
from at least one power supply source connected with the
plurality of transmission line segments, and wherein the at
least one controller is operable to transmit a power supply
request to at least one central controller.

16. A mobile charging system for vehicles, comprising:

a plurality of parallel oriented cables constituting at least

one transmission line, within, placed atop, and/or sus-
pended above at least one roadway;

at least one power supply line configured to provide

current from at least one power source to the at least
one transmission line;

at least one controller configured to modulate an amount

of power supplied to at least one transmission line via
the at least one power supply line; and
at least one phase shifter configured to modulate the phase
of power supplied to the at least one transmission line;

wherein activation of the at least one transmission line
generates a standing wave of radiofrequency (RF)
energy; and

wherein the at least one phase shifter is operable to control

movement of nodes and antinodes of the standing wave
of RF energy.
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17. The system of claim 16, wherein the power supplied
to the at least one transmission line has a frequency of at
least 1 MHz.

18. The system of claim 16, wherein the vehicles are
configured to automatically track and follow the antinodes
of the standing wave.

19. The system of claim 16, wherein the at least one
controller is operable to receive power supply information
from at least one power supply source connected with the at
least one transmission line, and wherein the at least one
controller is operable to transmit a power supply request to
at least one central controller.

20. The system of claim 16, wherein the at least one
controller is operable to determine a number of vehicles on
the at least one transmission line.
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