w0 20207129067 A1 |0 0000 KD 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Propert <
O orgmivation > A OO0
International Bureau (10) International Publication Number
(43) International Publication Date WO 2020/129067 A1l
25 June 2020 (25.06.2020) WIRPOIPCT
(51) International Patent Classification: (72) Inventor: EZER, Oren; 3 Recanati St., 6949403 Tel Aviv
B60L 5/00 (2006.01) HO3H 7/38 (2006.01) (IL).
B60M 3/06 (2006.01) (74) Agent: WEILER, Assaf et al.; PEARL COHEN ZEDEK
(21) International Application Number: LATZER BARATZ, P.O. Box 7198, 6107121 Tel Aviv
PCT/IL2019/051391 (IL).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
19 December 2019 (19.12.2019) kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
(26) Publication Language: English Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,

(25) Filing Language: English

(30) Priority Data:

1820880.1 20 December 2018 (20.12.2018) GB MG. MK. MN. MW, MX. MY. MZ. NA. NG. NL NO, NZ.
(71) Applicant: ELECTRIC ROAD LTD [IL/IL]; 10 Amal St., OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
P.O.B. 11729, 4809234 Rosh Haayin (IL). SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Titlee METHOD AND SYSTEM FOR VALIDATING POWER METERING OF POWER OVER THE AIR SYSTEM FOR
VEHICLES

410
\\" Transmitting energy from at least one road section
to at least one electric vehicle.

420 L

\\ Recording & magnitude of energy received by said at
least one electric vehicle and transmitting a record
of said magnitude of energy received for validation.

430 Recording a magnitude of energy transmitted from
\\ said at least one road section and transmitting a
record of said magnitude of energy transmitted for
validation.

I

440 Validating energy usage of said at least one electric
vehicle by periodically comparing said magnitude of
‘\-‘ energy received with said magnitude of energy
transmitted o identify at least one of: component
failure; and, a potential fraud. 00

FIGURE 4

(57) Abstract: A system and a method for validating electric vehicles in a network are provided herein. The method may include the
following steps: transmitting energy from at least one road section to at least one electric vehicle; recording a magnitude of energy
received by said at least one electric vehicle and transmitting a record of said magnitude of energy received for validation; recording a
magnitude of energy transmitted from said at least one road section and transmitting a record of said magnitude of energy transmitted
for validation; and validating energy usage of said at least one electric vehicle by periodically comparing said magnitude of energy
received with said magnitude of energy transmitted to identify at least one of: component failure; and, a potential fraud. The system
implements the method in a power-over-the-air network for electric vehicles.

[Continued on next page]



WO 2020/129067 A1 | [0} 00000000

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2020/129067 PCT/IL2019/051391

METHOD AND SYSTEM FOR VALIDATING POWER METERING OF POWER
OVER THE AIR SYSTEM FOR VEHICLES

FIELD OF THE INVENTION
The present invention relates generally to validation, metering and billing systems, and more

particularly to such systems detecting potential component failure and/or fraud in electric vehicles.

BACKGROUND OF THE INVENTION

Prior to setting forth a detailed description of the invention, the following term definitions are

provided:

The term ‘electric vehicle’ refers generally to a vehicle powered solely, or in part, by electrical
energy stored (e.g., chemically) in a battery, or the like. In the present context, an ‘electric vehicle’
moreover has provision for receiving (e.g., at coils disposed on the underside of the vehicle) a
wirelessly induced electromotive force (i.e., voltage) that may be stored, or otherwise utilized to
recharge the battery. For an electromagnetically induced voltage to occur, the vehicle (i.e., the
‘conductor’) may be moving relative to a magnetic field which is, for example, projected about
the road upon which the vehicle is travelling. Alternatively, the magnetic field may be periodically

varied (e.g., through use of alternating current) thereby inducing a voltage at the vehicle.

The term ‘road section’ refers generally to a portion of, for example, a highway or motorway which
has been modified to comprise a medium for wirelessly transmitting power (i.e., a ‘power
transmitter’). This may mean that the road comprises a plurality of coils embedded beneath the
surface of the road section which are operable to emit a magnetic field. In typical arrangements,
the medium (coils) may be connected to an alternating current source and may generate a varying
magnetic field, thereby inducing a voltage in any proximate conductor. One possible approach to
powering on-road electric vehicles via wireless power transfer is disclosed in US Parent

Application Publication Number US 2016/0339785 A1 and is incorporated herein by reference.

Due to the often-prohibitive expense involved in wirelessly transmitting power to electric vehicles,
there is a requirement to accurately produce bills associated with each individual user’s usage.
Typical approaches have entailed periodically (e.g., once per month) assessing an amount of power
received by each vehicle and producing a bill corresponding to this amount. Such methods of
metering and billing are however flawed and unduly susceptible to improper conduct by drivers
and third parties. In particular, as there is no redundancy or secondary information source, it is

possible for power reception values to be infiltrated and desirably modified (e.g., to a lower value
1
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to achieve a smaller bill) without being noticed. There may also be instances where particular
components have failed, for example due to age or overuse, and have thereby (favorably or
unfavorably) produced inaccurate readings. Accordingly, it is an object of the invention to propose
a means for detecting component failure in wireless power transmission arrangements. It is a
further object if the invention to propose a means for tracking potential fraud in wireless power

transmission arrangements.

SUMMARY OF THE PRESENT INVENTION

The present invention provides a validation network for electric vehicles, comprising: at least one
clectric vehicle having at least one energy receiver and a vehicle communication unit; at least one
road section having at least one energy transmitter and a management communication unit; and, a
validation control center having at least one validation control unit and a validation communication
unit; wherein said at least one electric vehicle is operable to receive energy, at said at least one
energy receiver, from said at least one energy transmitter; wherein a record of a magnitude of
energy received at said at least one energy receiver is transmitted from said vehicle communication
unit to said validation communication unit; wherein a record of a magnitude of energy transmitted
from said at least one energy transmitter is transmitted from said management communication unit
to said validation communication unit; and wherein said validation unit is operable to periodically
compare said magnitude of energy received with said magnitude of energy transmitted to identify

at least one of: component failure; and, a potential fraud.

The present invention further provides a method for validating electric vehicles in a network,
comprising: transmitting energy from at least one road section to at least one electric vehicle;
recording a magnitude of energy received by said at least one electric vehicle and transmitting a
record of said magnitude of energy received for validation; recording a magnitude of energy
transmitted from said at least one road section and transmitting a record of said magnitude of
energy transmitted for validation; and, validating energy usage of said at least one electric vehicle
by periodically comparing said magnitude of energy received with said magnitude of energy

transmitted to identify at least one of: component failure; and, a potential fraud.

These and other advantages of the present invention are set forth in detail in the following

description.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and in order to show how it may be implemented,
references are made, purely by way of example, to the accompanying drawings in which like

numerals designate corresponding elements or sections. In the accompanying drawings:

Figure 1 is a block diagram illustrating non-limiting exemplary architecture of a validation

network for electric vehicles in accordance with embodiments of the present invention;

Figure 2 is flowchart illustrating an exemplary validation process in accordance with embodiments

of the present invention;

Figure 3 is a graph illustrating an exemplary sampling process in accordance with embodiments

of the present invention; and,

Figure 4 is a high-level flowchart illustrating a non-limiting exemplary method in accordance with

embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

With specific reference now to the drawings in detail, it is stressed that the particulars shown are
for the purpose of example and solely for discussing the preferred embodiments of the present
invention, and are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the invention. In this
regard, no attempt is made to show structural details of the invention in more detail than is
necessary for a fundamental understanding of the invention. The description taken with the
drawings makes apparent to those skilled in the art how the several forms of the invention may be

embodied in practice.

Before explaining the embodiments of the invention in detail, it is to be understood that the
invention is not limited in its application to the details of construction and the arrangement of the
components set forth in the following descriptions or illustrated in the drawings. The invention is
applicable to other embodiments and may be practiced or carried out in various ways. Also, it is
to be understood that the phrasecology and terminology employed herein is for the purpose of

description and should not be regarded as limiting.

Figure 1 is a block diagram illustrating non-limiting exemplary architecture of a validation

network for electric vehicles 100 according to embodiments of the invention. Validation network

3



10

15

20

25

30

WO 2020/129067 PCT/IL2019/051391

100 may include a plurality of electric vehicles each comprising a vehicle unit 110, a vehicle
communications unit, and a power receiver attached, for example, to an underside of the vehicle.
The plurality of electric vehicles may further travel upon a road section 120 having one or more
power transmitters disposed, for example, underneath the surface of the road section. In some
embodiments, each power receiver and power transmitter may comprise one or more wound or
looped coils coupled, for example, to an alternating current source. In some arrangements, these
coils may be operable to emit a static or varying magnetic field into a vicinity about the coils, for
example around the road section or portions thereof. As each electric vehicle travels along road
section 120, a magnetic field formed by power transmitters in road section 120 induces a voltage
in each power receiver and is stored and/or converted by the electric vehicle into, for example,
chemical energy in a battery. In alternative embodiments, the induced energy may be immediately

used by an engine of the electric vehicle without storage.

In some embodiments, vehicle unit 110 may be operable to calculate a total amount (i.e.,
magnitude) of energy received by its respective electric vehicle by multiplying a known rate of
transfer (i.e., power, or joules per second) by the recorded duration of the transfer. In alternative
embodiments, vehicle unit 110 may be operable to directly record a magnitude of energy received
by its respective vehicle, for example by monitoring battery power gains during a recharge cycle
and/or by utilizing, for example, a current probe to determine a precise amount of induced voltage.
In some embodiments, the rate of current sampling may be in the range of KHz to MHz, as

appropriate.

In some embodiments, vehicle unit 110 may comprise a vehicle memory unit containing one or
more flash memory units and one or more Static Random-Access Memory (SRAM) units. A value
equaling the total magnitude of energy used by the electric vehicle (i.e., the energy used over all
journeys) may be retained and updated by the vehicle unit 110 on the one or more flash memory
units. A value equaling the magnitude of energy used in a predefined recording period (e.g.,
minutes, hours, days, months, or the like) may also be retained and updated by the vehicle unit 110
on the one or more SRAM units. In some embodiments, the value equaling the total magnitude of
energy used by the electric vehicle may only be updated/altered by additions, said additions
equaling the value for the magnitude of energy used in the predefined recording period. In some
embodiments, the value equaling the magnitude of energy used in the predefined recording period

is reset to a base/zero value at the end of each recording period.

In some embodiments, road section 120 may further comprise at least one management unit 130

and at least one management communications unit. Additionally, validation network 100 may
4
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further comprise a validation control center comprising at least one validation control unit 140 and
at least one validation communications unit. In some embodiments, each of said vehicle units 110
may be operable to transmit a message 150 using said vehicle communications unit, to said
validation control center via any appropriate transmission means, such as WiFi, Bluetooth, or the
like. Transmitted messages 150 may comprise data/information including the values equaling: the
magnitude of energy received in the predefined period; and/or, the total magnitude of energy

received by the electric vehicle up to that point.

In some embodiments, management unit 130 may be operable to record/calculate a value equaling
the total amount (i.e., magnitude) of energy transmitted to specific vehicles from the road section
120 by multiplying a known rate of transfer (i.e., power, or joules per second) by the recorded
duration of the transfer. In alternative embodiments, management unit 130 may be operable to
directly record a magnitude of energy transmitted to respective vehicles, for example by using a
current probe to record the current passed through the coils and/or by determining the strength of
the magnetic field emanating from the coils and/or by calculating the total amount of energy
transferred to the road section 120 and deriving therefrom a value of energy transmitted to specific
vehicles. In some embodiments, the rate of current and/or magnetic field sampling may be in the

range of KHz to MHz, as appropriate.

In some embodiments, management unit 130 may be operable to transmit a message 160 using
said management communications unit, to said validation control center via any appropriate
transmission means, such as WiFi, Bluetooth, or the like. Transmitted messages 160 may comprise
data/information including the values equaling: the magnitude of energy transmitted to specific
vehicles in the predefined period; and/or, the total magnitude of energy transmitted by the road
section 120 up to that point. Messages transmitted 150, 160 from the or each vehicle unit 110 and

the or each management unit 130 may take the following form:

VU (“0”) or MU (“17) | Unique ID Number Total Energy (KW/Hr) | Additional Energy
(KW/Hr)
4 bits (“0™) 48 bits 48 bits 20 its

Figure 2 is flowchart illustrating an exemplary validation process 200 according to embodiments
of the invention. Before messages are transmitted 150 from the or each vehicle unit 110, it is
important to first establish whether the electric vehicle (i.e., associated with that vehicle unit 110)

has received energy within that period. This has the benefit of obviating needless data transmission
5
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and/or saving power. Vehicle unit 110 may therefore periodically start 210 a validation process
200 and thereby determine whether there is any additional and/or new usage data 220 which needs
to be sent to the validation control unit 140. This may be done by assessing whether there are any
data and/or usage values stored on the one or more of the SRAM units (i.e., whether the magnitude
of energy used in the predefined recording period is non-zero). In the event that there are new
and/or additional values to be sent, a message 230 may be transmitted 150 from the vehicle unit
110 to the validation control unit 140 containing said new and/or additional values. Thereafter the
validation process 200 may proceed to wait 240 for a predefined amount of time (e.g., minutes,
hours, or the like) before once again running the validation process from the start 210.
Alternatively, in the event that there are not new and/or additional values to be sent, the validation
process 200 may proceed directly to waiting 240 for said predefined amount of time before

restarting the validation process from the start 210.

In some embodiments, should the electric vehicle trigger a shutdown, additional usage data/values
(i.e., the magnitude of energy received in that predefined recording period) stored on the one or
more SRAM units may be immediately added (i.e., prior to full shutdown) to total usage
data/values (i.e., the total magnitude of energy received by the electric vehicle up to that point)
stored on the one or more flash memory units. Alternatively, the additional usage data/values may
be transferred to the one or more flash memory units without being added to total usage
data/values. When the electric vehicle once again powers on, these values may be retrieved from
the one or more flash memory units and sent back to the one or more SRAM. The vehicle unit may

then resume counting usage data/values for that period utilizing said one or more SRAM units.

Figure 3 is a graph illustrating an exemplary sampling process 300 according to embodiments of
the invention. After a message is transmitted 150 from the or each vehicle unit 110, validation
control unit 140 may be operable to compare the value of the total magnitude of energy received
by the electric vehicle to pre-existing and/or known values for the total magnitude of energy
transmitted and/or the total magnitude of energy received. In some embodiments, these pre-
existing and/or known values may be obtained from the or each management unit 130 via
transmission 160. In alternative embodiments, these pre-existing and/or known values may be
retained from previous transmissions 150 between the vehicle unit 110 and validation control unit
140. In the event that the values are identical, the validation control unit 140 may instruct the
vehicle unit 110 to add the value for the magnitude of energy received in that predefined recording
period to the value for the total magnitude of energy received by the electric vehicle up to that

point. The vehicle unit 110 may then also be instructed to reset the value for the magnitude of
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energy received in that predefined recording period to a base/zero value and start a new recording
period. In the event that the values are not identical, the validation control unit 140 may transmit
corrected data/values to the vehicle unit 110 and the instruct the vehicle unit 110 to update the
incorrect data/value with the correct one. The validation control unit 140 may also flag/indicate a
potential for fraud and/or component failure. This may comprise a warning and/or alert and may

be presented to one or more of: a user of the electric vehicle; and, a system administrator.

Figure 4 is a high-level flowchart illustrating a non-limiting exemplary method according to
embodiments of the invention. The method 400 may comprise the steps of: transmitting energy
from at least one road section to at least one electric vehicle 410; recording a magnitude of energy
received by said at least one electric vehicle and transmitting a record of said magnitude of energy
received for validation 420; recording a magnitude of energy transmitted from said at least one
road section and transmitting a record of said magnitude of energy transmitted for validation 430;
and, validating energy usage of said at least one electric vehicle by periodically comparing said
magnitude of energy received with said magnitude of energy transmitted to identify at least one

of: component failure, and, a potential fraud 440.

In some embodiments, said at least one electric vehicle may further comprise a vehicle control unit
arranged to: produce said record of said magnitude of energy received at said at least one energy
receiver within at least one predefined period; store, in a vehicle memory unit, said record of said
magnitude of energy received within said at least one predefined period; retain, in said vehicle
memory unit, a record of a total cumulative magnitude of energy received; and, transmit to said
validation control center, using said vehicle communication unit at the end of said at least one
predefined period, said record of said magnitude of energy received and said record of said total

cumulative magnitude of energy received.

In some embodiments, said at least one road section may further comprise a management control
unit arranged to: produce said record of said magnitude of energy transmitted to said at least one
energy transmitter in said road section within said at least one predefined period; and, transmit to
said validation control center, using said management communication unit at the end of said at

least one predefined period, said record of said magnitude of energy transmitted.

In some embodiments, said validation control center may be arranged to: receive, using said
validation communication unit, records of: said magnitude of energy received; said total
cumulative magnitude of energy received; and, said magnitude of energy transmitted; compare

said record of said total cumulative magnitude of energy received with a record of a total

7
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cumulative magnitude of energy transmitted, wherein said total cumulative magnitude of energy
transmitted comprises an addition of all records of said magnitude of energy transmitted from
respective predefined periods; and, in the event that said total cumulative magnitude of energy
received and said total cumulative magnitude of energy transmitted are not equal, update said
vehicle memory unit with a correction by transmitting said record of said total cumulative
magnitude of energy transmitted to said at least one electric vehicle using said validation

communication unit.

In some embodiments, said validation control center may be arranged to: receive, using said
validation communication unit, records of: said magnitude of energy received; and, said total
cumulative magnitude of energy received; compare said record of said total cumulative magnitude
of energy received with a pre-existing record of a total cumulative magnitude of energy
transmitted; and, in the event that said total cumulative magnitude of energy received and said
total cumulative magnitude of energy transmitted are not equal, update said vehicle memory unit
with a correction by transmitting said pre-existing record of said total cumulative magnitude of

energy transmitted to said at least one electric vehicle using said validation communication unit.

In some embodiments, said validation control center may be further arranged, in the event that
said total cumulative magnitude of energy received and said total cumulative magnitude of energy
transmitted are equal, to: add said record of said magnitude of energy received to said record of
said total cumulative magnitude of energy received, to yield an updated record of said total
cumulative magnitude of energy received; and, update said vehicle memory unit by transmitting
said updated record of said total cumulative magnitude of energy received to said at least one

clectric vehicle using said validation communication unit.

In some embodiments, each of said at least one electric vehicles may be associated with a use
account, wherein each of said user accounts is periodically charged an amount corresponding to

energy received by the associated electric vehicle.

In some embodiments, a component failure may comprise a failure of one or more current

measuring instruments/probes.

In some embodiments, a potential fraud may comprise an unauthorized manipulation of one or
more of: said magnitude of energy received; and, said total cumulative magnitude of energy

received.



10

15

20

25

30

WO 2020/129067 PCT/IL2019/051391

In some embodiments, said at least one electric vehicle may be arranged to: produce said record
of said magnitude of energy received within at least one predefined period; store said record of
said magnitude of energy received within said at least one predefined period; retain a record of a
total cumulative magnitude of energy received; and, transmit for validation, at the end of said at
least one predefined period, said record of said magnitude of energy received and said record of

said total cumulative magnitude of energy received.

In some embodiments, said at least one road section may be arranged to: produce said record of
said magnitude of energy transmitted within said at least one predefined period; and, transmit for
validation, at the end of said at least one predefined period, said record of said magnitude of energy

transmitted.

In some embodiments, said validation may comprise: receiving records of: said magnitude of
energy received; said total cumulative magnitude of energy received; and, said magnitude of
energy transmitted; comparing said record of said total cumulative magnitude of energy received
with a record of a total cumulative magnitude of energy transmitted, wherein said total cumulative
magnitude of energy transmitted comprises an addition of all records of said magnitude of energy
transmitted from respective predefined periods; and, in the event that said total cumulative
magnitude of energy received and said total cumulative magnitude of energy transmitted are not
equal, updating said at least one electric vehicle with a correction by transmitting said record of

said total cumulative magnitude of energy transmitted to said at least one electric vehicle.

In some embodiments, said validation may comprise: receiving records of: said magnitude of
energy received; and, said total cumulative magnitude of energy received; comparing said record
of said total cumulative magnitude of energy received with a pre-existing record of a total
cumulative magnitude of energy transmitted; and, in the event that said total cumulative magnitude
of energy received and said total cumulative magnitude of energy transmitted are not equal,
updating said at least one electric vehicle with a correction by transmitting said pre-existing record

of said total cumulative magnitude of energy transmitted to said at least one clectric vehicle.

In some embodiments, said validation, in the event that said total cumulative magnitude of energy
received and said total cumulative magnitude of energy transmitted are equal, may further
comprise: adding said record of said magnitude of energy received to said record of said total
cumulative magnitude of energy received, to yield an updated record of said total cumulative

magnitude of energy received; and, updating said at least one electric vehicle by transmitting said
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updated record of said total cumulative magnitude of energy received to said at least one electric

vehicle.

In some embodiments, each of said at least one electric vehicles may be associated with a user
account, wherein each of said user accounts is periodically charged an amount corresponding to

energy received by the associated electric vehicle.

The aforementioned flowchart and diagrams illustrate the architecture, functionality, and operation
of possible implementations of systems, methods and computer program products according to
various embodiments of the present invention. In this regard, each portion in the flowchart or
portion diagrams may represent a module, segment, or portion of code, which comprises one or
more executable instructions for implementing the specified logical function(s). It should also be
noted that, in some alternative implementations, the functions noted in the portion may occur out
of the order noted in the figures. For example, two portions shown in succession may, in fact, be
executed substantially concurrently, or the portions may sometimes be executed in the reverse
order, depending upon the functionality involved, It will also be noted that each portion of the
portion diagrams and/or flowchart illustration, and combinations of portions in the portion
diagrams and/or flowchart illustration, can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or combinations of special purpose hardware

and computer instructions.

As will be appreciated by one skilled in the art, aspects of the present invention may be embodied
as a system or an apparatus. Accordingly, aspects of the present invention may take the form of an
entirely hardware embodiment or an embodiment combining software and hardware aspects that

T3

may all generally be referred to herein as a “circuit,” “module” or “system.”

The aforementioned figures illustrate the architecture, functionality, and operation of possible
implementations of systems and apparatus according to various embodiments of the present
invention. Where referred to in the above description, an embodiment is an example or

implementation of the invention. The various appearances of “one embodiment,” *“an

embodiment” or “some embodiments” do not necessarily all refer to the same embodiments.

Although various features of the invention may be described in the context of a single embodiment,
the features may also be provided separately or in any suitable combination. Conversely, although
the invention may be described herein in the context of separate embodiments for clarity, the

invention may also be implemented in a single embodiment.

10
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LT3 LT3

Reference in the specification to “some embodiments”, “an embodiment”, “one embodiment” or
“other embodiments” means that a particular feature, structure, or characteristic described in
connection with the embodiments is included in at least some embodiments, but not necessarily
all embodiments, of the inventions. It will further be recognized that the aspects of the invention

described hereinabove may be combined or otherwise coexist in embodiments of the invention.

It is to be understood that the phraseology and terminology employed herein is not to be construed

as limiting and are for descriptive purpose only.

The principles and uses of the teachings of the present invention may be better understood with

reference to the accompanying description, figures and examples.

It is to be understood that the details set forth herein do not construe a limitation to an application

of the invention.

Furthermore, it is to be understood that the invention can be carried out or practiced in various
ways and that the invention can be implemented in embodiments other than the ones outlined in

the description above.

It is to be understood that the terms “including”, “comprising”, “consisting” and grammatical
variants thereof do not preclude the addition of one or more components, features, steps, or integers
or groups thereof and that the terms are to be construed as specifying components, features, steps

or integers.

If the specification or claims refer to “an additional” element, that does not preclude there being

more than one of the additional element.

It is to be understood that where the claims or specification refer to “a” or “an” element, such

reference is not be construed that there is only one of that element.

It is to be understood that where the specification states that a component, feature, structure, or

characteristic “may”, “might”, “can” or “could” be included, that particular component, feature,

structure, or characteristic is not required to be included.

Where applicable, although state diagrams, flow diagrams or both may be used to describe
embodiments, the invention is not limited to those diagrams or to the corresponding descriptions.
For example, flow need not move through each illustrated box or state, or in exactly the same order

as illustrated and described.
11
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Methods of the present invention may be implemented by performing or completing manually,

automatically, or a combination thereof, selected steps or tasks.

The term “method” may refer to manners, means, techniques and procedures for accomplishing a
given task including, but not limited to, those manners, means, techniques and procedures either
known to, or readily developed from known manners, means, techniques and procedures by

practitioners of the art to which the invention belongs.

The descriptions, examples and materials presented in the claims and the specification are not to

be construed as limiting but rather as illustrative only.

Meanings of technical and scientific terms used herein are to be commonly understood as by one

of ordinary skill in the art to which the invention belongs, unless otherwise defined.

The present invention may be implemented in the testing or practice with materials equivalent or

similar to those described herein.

While the invention has been described with respect to a limited number of embodiments, these
should not be construed as limitations on the scope of the invention, but rather as exemplifications
of some of the preferred embodiments. Other or equivalent variations, modifications, and
applications are also within the scope of the invention. Accordingly, the scope of the invention
should not be limited by what has thus far been described, but by the appended claims and their

legal equivalents.

12



WO 2020/129067 PCT/IL2019/051391

CLAIMS

1. A validation network for electric vehicles, comprising:

at least one electric vehicle having at least one energy receiver and a vehicle
communication unit;

at least one road section having at least one energy transmitter and a management
communication unit; and,

a validation control center having at least one validation control unit and a
validation communication unit;

wherein said at least one electric vehicle is operable to receive energy, at said at
least one energy receiver, from said at least one energy transmitter;

wherein a record of a magnitude of energy received at said at least one energy
receiver is transmitted from said vehicle communication unit to said validation
communication unit;

wherein a record of a magnitude of energy transmitted from said at least one
energy transmitter is transmitted from said management communication unit to said
validation communication unit;

and wherein said validation control unit is operable to periodically compare said
magnitude of energy received with said magnitude of energy transmitted to identify at

least one of: component failure; and, a potential fraud.

2. The validation network according to claim 1, wherein said at least one electric vehicle
further comprises a vehicle control unit arranged to:

i) produce said record of said magnitude of energy received at said at least
one energy receiver within at least one predefined period;

ii) store, in a vehicle memory unit, said record of said magnitude of energy
received within said at least one predefined period;

1ii) retain, in said vehicle memory unit, a record of a total cumulative
magnitude of energy received; and,

iv) transmit to said validation control center, using said vehicle
communication unit at the end of said at least one predefined period, said
record of said magnitude of energy received and said record of said total

cumulative magnitude of energy received.
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3. The validation network according to claim 2, wherein said at least one road section

further comprises a management control unit arranged to:

i)

i)

produce said record of said magnitude of energy transmitted to said at
least one energy transmitter in said road section within said at least one
predefined period; and,

transmit to said validation control center, using said management
communication unit at the end of said at least one predefined period, said

record of said magnitude of energy transmitted.

4. The validation network according to claim 3, wherein said validation control center is

arranged to:

i)

i)

iii)

receive, using said validation communication unit, records of: said
magnitude of energy received; said total cumulative magnitude of energy
received; and, said magnitude of energy transmitted;

compare said record of said total cumulative magnitude of energy received
with a record of a total cumulative magnitude of energy transmitted,
wherein said total cumulative magnitude of energy transmitted comprises
an addition of all records of said magnitude of energy transmitted from
respective predefined periods; and,

in the event that said total cumulative magnitude of energy received and
said total cumulative magnitude of energy transmitted are not equal,
update said vehicle memory unit with a correction by transmitting said
record of said total cumulative magnitude of energy transmitted to said at

least one electric vehicle using said validation communication unit.

5. The validation network according to claim 2, wherein said validation control center is

arranged to:

i)

iii)

receive, using said validation communication unit, records of: said
magnitude of energy received; and, said total cumulative magnitude of
energy received;

compare said record of said total cumulative magnitude of energy received
with a pre-existing record of a total cumulative magnitude of energy
transmitted; and,

in the event that said total cumulative magnitude of energy received and

said total cumulative magnitude of energy transmitted are not equal,
14
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update said vehicle memory unit with a correction by transmitting said
pre-existing record of said total cumulative magnitude of energy
transmitted to said at least one electric vehicle using said validation

communication unit.

6. The validation network according to claim 4, wherein said validation control center is
further arranged, in the event that said total cumulative magnitude of energy received and
said total cumulative magnitude of energy transmitted are equal, to:

i) add said record of said magnitude of energy received to said record of said
total cumulative magnitude of energy received, to yield an updated record
of said total cumulative magnitude of energy received; and,

ii) update said vehicle memory unit by transmitting said updated record of
said total cumulative magnitude of energy received to said at least one

clectric vehicle using said validation communication unit.

7. The validation network according to claim 1, wherein each of said at least one electric
vehicle is associated with a user account, and wherein each of said user accounts is
periodically charged an amount corresponding to energy received by the associated

electric vehicle.

8. The validation network according to claim 2, wherein said component failure comprises a
failure of one or more energy measuring instruments, and wherein said potential fraud
comprises an unauthorised manipulation of one or more of: said magnitude of energy

received; and, said total cumulative magnitude of energy received.

9. A method for validating electric vehicles in a network, comprising:
transmitting energy from at least one road section to at least one electric vehicle;
recording a magnitude of energy received by said at least one electric vehicle and
transmitting a record of said magnitude of energy received for validation;
recording a magnitude of energy transmitted from said at least one road section
and transmitting a record of said magnitude of energy transmitted for validation; and,
validating energy usage of said at least one electric vehicle by periodically
comparing said magnitude of energy received with said magnitude of energy transmitted

to identify at least one of: component failure; and, a potential fraud.
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10. The method according to claim 9, wherein said at least one electric vehicle is arranged to:

i) produce said record of said magnitude of energy received within at least
one predefined period;

ii) store said record of said magnitude of energy received within said at least
one predefined period;

iii) retain a record of a total cumulative magnitude of energy received; and,

iv) transmit for validation, at the end of said at least one predefined period,
said record of said magnitude of energy received and said record of said
total cumulative magnitude of energy received.

11. The method according to claim 10, wherein said at least one road section is arranged to:

i) produce said record of said magnitude of energy transmitted within said at
least one predefined period; and,

ii) transmit for validation, at the end of said at least one predefined period,
said record of said magnitude of energy transmitted.

12. The method according to claim 11, wherein said validation comprises:

i) receiving records of: said magnitude of energy received; said total
cumulative magnitude of energy received; and, said magnitude of energy
transmitted;

ii) comparing said record of said total cumulative magnitude of energy
received with a record of a total cumulative magnitude of energy
transmitted, wherein said total cumulative magnitude of energy
transmitted comprises an addition of all records of said magnitude of
energy transmitted from respective predefined periods; and,

iii) in the event that said total cumulative magnitude of energy received and
said total cumulative magnitude of energy transmitted are not equal,
updating said at least one electric vehicle with a correction by transmitting
said record of said total cumulative magnitude of energy transmitted to
said at least one electric vehicle.

13. The method according to claim 10, wherein said validation comprises:
i) receiving records of: said magnitude of energy received; and, said total

cumulative magnitude of energy received;
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comparing said record of said total cumulative magnitude of energy
received with a pre-existing record of a total cumulative magnitude of
energy transmitted; and,

in the event that said total cumulative magnitude of energy received and
said total cumulative magnitude of energy transmitted are not equal,
updating said at least one electric vehicle with a correction by transmitting
said pre-existing record of said total cumulative magnitude of energy

transmitted to said at least one electric vehicle.

14. The method according to claim 12, wherein said validation, in the event that said total

cumulative magnitude of energy received and said total cumulative magnitude of energy

transmitted are equal, further comprises:

i)

i)

adding said record of said magnitude of energy received to said record of
said total cumulative magnitude of energy received, to yield an updated
record of said total cumulative magnitude of energy received; and,
updating said at least one electric vehicle by transmitting said updated
record of said total cumulative magnitude of energy received to said at

least one electric vehicle.

15. The method according to any of claim 9, wherein each of said at least one electric vehicle

is associated with a user account, and wherein each of said user accounts is periodically

charged an amount corresponding to energy received by the associated electric vehicle.
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