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(57) Abstract: A billing system for an electrical energy supplied to electric vehicles includes a wireless power supply system in-
stalled on a road for generating electrical energy using an electromagnetic induction; a power acquisition device, installed on each
electric vehicle, for acquiring the electrical energy; a payment management module, installed on the electric vehicle, for managing
the acquisition of the electrical energy and paying for the amount of the acquisition of the electrical energy; and a billing data cen-
ter for integrally managing vehicle information and billing information for the respective electric vehicles, and for generating a
control signal in relation to the acquisition of the electrical energy depending on the billing information.
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Description
Title of Invention: BILLING SYSTEM AND METHOD FOR

ELECTRIC VEHICLES
Technical Field

The present invention relates to a billing system and method for an electrical energy

supplied to electric vehicles from a wireless power supply system.

Background Art

Recently, global warming and resource depletion lead to a development of new
recycling energies and the industries using these energies are being spotlighted as a
green industry. For example, the reality is that a study on light emitting diodes (LEDs),
solar cells, wind power generation, etc. is actively being progressed without precedent,
and especially in order to solve the problems such as the exhaustion of petroleum
energy and air environmental pollution, a study on electric vehicles is being rapidly
conducted.

Charging method of such electric vehicles may be classified into stop charging and
non-stop charging, and plug-in charging and wireless charging.

The stop charging is to charge an electrical energy to an electric vehicle using
charging equipment or exchanges a battery or fuel cell in the state that the electric
vehicle is stopped, like battery driven electric vehicles or fuel cell driven electric
vehicles, and the non-stop charging is to charge an electric vehicle with an electrical
energy even when the electric vehicle is travelled as well as when it is stopped.

Meanwhile, the plug-in charging is to feed an electrical energy to an electric vehicle
by connecting a plug-in cord to the electric vehicle, and the wireless charging is to
charge an electric vehicle with an electrical energy without any direct connection line
between the electric vehicle and the charging equipment.

Therefore, a billing technology for the electric vehicles should be different depending
on the charging types. The billing technology for the stop and the plug-in charging
type has been already commercialized but the billing technology for the non-stop and
wireless charging type has not been developed yet.

In the case of the electric vehicle of the plug-in charging type, a billing method is
applied in which the electric vehicle stops at a place where there is charging equipment
or a battery exchange place to charge the needed electrical energy or exchange the
battery and then pay for the charged electrical energy or exchanged batery.

On the other hand, in the case of the electric vehicle of the wireless charging type, it
is not necessary to stop the electric vehicle for feeding or charging the electrical

energy, and it is possible to feed or charge the electrical energy while it is driving. That
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is, since the electric vehicle of the wireless charging type is fed an electrical energy
even while it is driving, it should be possible to purchase the electrical energy for
operating the electric vehicle while it driving when the remaining amount of the
electrical energy is not sufficient. However, there is no system to support such a

purchase to date.
In most of the electrical vehicles, frequent charging/discharging may entail a

reduction of the life span of battery and thus lead to an increase of replacement cost of
the battery. In order to overcome the above issues, for the wireless charging type of the
electrical vehicle, there has been proposed a configuration to directly supply an
electrical energy to loads in the electric vehicle during acquiring the electrical energy
from a power supply source, without being subjected to the charging/discharging.
Therefore, the wireless charging type of electrical vehicle can be driven without the aid
of the battery by directly supplying the electrical energy from the power supply source
to the loads only at a location where the power supply source is installed.

Therefore, there is a need for a billing system and method that enables electric
vehicles of the wireless charging type to purchase an electrical energy regardless of
place and time. In addition, there is a need for a billing system and method for
preventing electric vehicle that does not pay for electrical energy purchase from

illegally charging the electric vehicles.
Disclosure of Invention

Technical Problem

In view of the foregoing, the present invention provides a billing system and method,
which are capable of monitoring a deposited balance for payment to bill for electrical
energy purchase.

Further, the present invention provides a billing system and method, which are
capable of preventing electric vehicle that does not pay for electrical energy purchase
from illegally charging the electric vehicles.

Solution to Problem

In accordance with the present invention, there is provided a billing system for
electrical energy charged into electric vehicles, including:

a wireless power supply system, installed on a road on which the electric vehicles
travel, for generating the electrical energy for operating the electrical vehicles using an
electromagnetic induction; a power acquisition device, installed on each electric
vehicle, for acquiring the electrical energy generated from the power supply system to
charge the electrical energy therein; a payment management module, installed on the
electric vehicle, for managing the acquisition of the electrical energy and paying for

the amount of the acquisition of the electrical energy; and a billing data center for in-
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tegrally managing vehicle information, and billing information for the respective
electric vehicles, and for generating a control signal in relation to the acquisition of the
electrical energy depending on the billing information.

Preferably, the payment management module includes: a vehicle information
management unit for transmitting an identifier of a corresponding electric vehicle and a
serial number of the power acquisition device in the corresponding electric vehicle
when entering into the power supply system and receiving a balance for payment of the
electric vehicle from the billing data center in response to the entrance of the electric
vehicle; an energy management unit for monitoring state of charge of the electric
vehicle and providing to a user the monitored state of charge together with the balance
for payment provided from the vehicle information management unit; a payment
process unit for performing a payment for the amount of the acquisition of the
electrical energy by communication with the billing data center with reference to the
balance for payment when purchasing the electrical energy from the power supply
system; and vehicle control unit for making the power acquisition device in active or
inactive in response the control signal generated by the billing data center.

Preferably, the energy management unit provides the user with information on the
electrical energy acquired through the power acquisition device from the power supply
system.

Preferably, the energy management unit updates the balance for payment by sub-
tracting the amount of the electrical energy charged to the electric vehicle from the
balance for payment received from the vehicle information management unit, and
transmits the updated balance for payment to the billing data center.

Preferably, the billing system further including: an acquired power meter for
measuring the amount of the electrical energy acquired by the power acquisition
device; and a power consumption meter for measuring the amount of the electrical
energy used in loads in the electric vehicle,

wherein the measured amount of the electrical energy and the measured amount of
the electrical energy used in the loads are provided to the energy management unit for
present them to the user.

Preferably, the billing data center transmits an in activate signal as the control signal
to the vehicle control unit when a payment for the electrical energy purchase is not
settled even though there is no balance for payment, and wherein the vehicle control
unit sets the the power acquisition device to inactive state in response to the inactivate
signal.

Preferably, the payment is performed using any one of a credit card payment, a debit
card payment and a mobile banking.

Preferably, the payment is performed through voice recognition.
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In accordance with another aspect of the present invention, there is provided a billing
method for an electrical energy charged into electric vehicles from a wireless power
supply system on a road, including: receiving an identifier of an electric vehicle that
enters into the power supply system in a road; monitoring a balance for payment of the
electric vehicle; if the balance for payment exists, updating the balance for payment by
subtracting the amount of the electrical energy from the balance for payment while
charging the electric vehicle; if the balance does not exist, inquiring whether to
purchase an additional energy; paying for the additional energy purchase when it is de-
termined to make the additional electrical energy purchase; and making the electric
vehicle in an activate state to enable the charging of the additional energy after paying

for the additional electrical energy purchase.
Preferably, the method further including: when a payment for the additional electrical

energy purchase is not settled, making the electric vehicle inactive state.

Preferably, the electric vehicle is charged in real time while it is travelling on the
power supply system on the road.
Brief Description of Drawings

The above and other objects and features of the present invention will become
apparent from the following description of embodiments, given in conjunction with the
accompanying drawings, in which:

Fig. 1 is a diagram showing a configuration of a billing system for an electrical
energy supplied to electric vehicles in accordance with the embodiment of the present
invention;

Fig. 2A is a schematic diagram showing a configuration of the wireless power supply
system shown in Fig. 1;

Fig. 2B illustrates a cross sectional view taken along lines II-11 of the power supply
track shown in Fig. 1;

Fig. 3 illustrates an exemplary view on a dashboard displayed by the energy
management unit in accordance with the embodiment of the present invention; and

Fig. 4 is a flowchart describing a billing method for an electrical energy supplied

electric vehicles in accordance with the embodiment of the present invention.

Best Mode for Carrying out the Invention

Hereinafter, an embodiment of the present invention will be described in detail with
the accompanying drawings.

Fig. 1 is a diagram of illustrating a billing system for an electrical energy supplied to
electric vehicles in accordance with the embodiment of the present invention.

The billing system of the present invention includes a wireless power supply system

including the power supply unit 130 and the power supply track 140 to supply an
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electrical energy for operating electrical vehicles 110, and a power acquisition device
120 that is installed on the respective electric vehicles 110 to acquire the electrical
energy from the power supply track 140.

Fig. 2A is a schematic diagram showing a configuration of the wireless power supply
system shown in Fig. 1, and Fig. 2B illustrates a cross sectional view taken along lines
[I-1T of the power supply track shown in Fig. 1.

In the wireless power supply system, the power supply unit 130 supplies electrical
power to the power supply track 140. The power supply track (or rail) 140 is embedded
within a road 160 on which the electric vehicles 110 is travelling and extends along the
longitudinal direction of the road 160.

As shown in Fig. 2B, the power supply track 140 includes a power supply line 142,
an insulator 144 and a power supply core 146 are sequentially stacked in a top-down
fashion. The power supply line 142 is formed of a conductive material, for example,
copper or aluminum material, and the power supply core 146 is formed of a magnetic
body. The insulator 144 electrically insulates the power supply line 142 from the
power supply core 146. One end of the power supply line 142 is connected to an output
end of the power supply unit 130 and the other end of the power supply line 142 is
connected back to an input end of the power supply unit 130. When current supplied
from the power supply unit 130 flows in the power supply line 146, an electromagnetic
field (EMF) is created around the power supply line 142 by a principle of electro-
magnetic induction, thereby generating the electrical energy for operating the electric
vehicle on the road 160.

Referring back to Fig. 1, the power acquisition device 120 is mounted beneath the re-
spective electric vehicles 110 in a position to acquire the electrical energy on the road
160 even while the electric vehicles are travelling.

The electric vehicles 110 charge a battery (not shown) with the electrical energy
acquired through the power acquisition device 120 to supply loads of the electric
vehicle 110 such as a driving motor or an air conditioner with the electrical power.

The power supply unit 130 and the power supply track 140 are not installed along the
entire length of the road 160 but installed in each certain section of the road 160 or in
an arbitrary section where the electric vehicle 110 is considered to be charged, and the
electric vehicles are energized from the power supply track 140. One example of the
electric vehicles of wireless charging type is disclosed in a PCT publication
WO02010/098547, published on September 2, 2010, entitled "POWER SUPPLY
DEVICE, POWER ACQUISITION DEVICE AND SAFTY FOR ELECTRO-
MAGNETIC INDUCTION-POWERED ELECTRIC VEHICLE," which is assigned to
the assignee of the present application, the entire of which is incorporated herein by

reference. However, it will be appreciated by those skilled in the art that the electric
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vehicles of wireless charging type cover any other electrically-operated vehicles as
well as that of described in the PCT publication if the wireless power supply system
employs the electromagnetic induction scheme.

The electric vehicle 110 of the wireless charging type acquires the electrical energy
from the power supply track 140 in an active state, and therefore, there occurs a need
to prevent electric vehicles without paying for the acquisition of the electrical energy.
According to the present invention, the need may be achieved by controlling the power
acquisition device 120 in an inactive state depending on the basis of a deposited
balance for payment, which will be further disclosed below.The billing system further
includes a remote billing data center 150 and a payment management module 200 that
is installed on the respective electric vehicles 110.

The billing data center 150 performs a function which manages vehicle information,
billing information and user information of the respective electric vehicles. The vehicle
information includes an identifier (ID) of the respective electric vehicles and an
identifier (ID) of the respective power acquisition devices 120 in the electric vehicle
110; the billing information includes a deposited balance for payment needed to
purchase the electrical energy for each electric vehicle; and the user information
includes information on a user’s name, address, credit rating and so on of the re-
spective electric vehicles. All these information are stored in a database 252. The
billing data center 150 transmits and receives the vehicle information, billing in-
formation and user information related to the electric vehicles 110 to and from the
payment management module 200 through a broadband wireless communication, for
example, CDMA (Code Division Multiple Access) or another wireless communication
system such as a wireless LAN (local Area Network), e.g., Wi-Fi (Wireless-Fidelity).
Moreover, the billing data center 150 generates a control signal depending on the
balance for payment to determine whether or not to permit to supply the electrical
energy to electric vehicles that need the electrical energy.

The payment management module 200 manages the acquisition of the electrical
energy by the power acquisition device 120 and the payment for the amount of the ac-
quisition of the electrical energy. The payment management module 200 includes a
vehicle information management unit 210, an energy management unit 220, a payment
processing unit 230, and a vehicle control unit 240.

The vehicle information management unit 210 manages an ID of a corresponding
electric vehicle 110 and the ID of a power acquisition device 120 of the corresponding
electric vehicle 110, and receives information on the balance for payment of the corre-
sponding electric vehicle 110 from the billing data center 150. More specifically, the
vehicle information management unit 210 stores the ID of the electric vehicle 110 and

the ID of the power acquisition device 120 therein, transmits the ID of the electrical
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vehicle 110 to the billing data center 150 when the electric vehicle 110 enters the
power supply track 140 on the road 160. Further, the vehicle information management
unit 210 receives a current balance for payment of the electric vehicle 110 from the
billing data center 150 when the electric vehicle 110 needs feeding of the electrical
energy. The received balance is then relayed to the energy management unit 220.

Alternatively, as described above, it may be possible to configure the billing system,
so that the power supply system automatically captures an ID the electric vehicle by
using a Near Field Communication (NFC) such as Bluetooth when the electric vehicle
approaches the power supply track 140, and then transmits the captured ID to the
billing data center 150 using a broadband wireless communication such as CDMA.

The energy management unit 220 monitors a State Of Charge (hereinafter referred to
as a SOC) in the electric vehicle 110 and provides the user with the monitored SOC,
thus enabling the user to recognize the SOC in the electric vehicle 110. Further, the
energy management unit 220 receives the information of the balance for payment
provided from the vehicle information management unit 210 and displays the balance
for payment to the user so that the user can determine to purchase an additional
electrical energy depending on the balance for payment. If there is no balance, the
energy management unit 220 may notice a message of a necessity of additional energy
purchase to the user. When the user determines to make the additional energy
purchase, the user requests the payment processing unit 230 to perform the additional
energy purchase. In addition, the energy management unit 220 updates the balance
from which money for the electrical energy purchase is subtracted while feeding the
electrical energy, and continuously informs the billing data center 150 of the updated
balance for payment, thus enabling the billing data center 150 to monitor the balance
for payment of the electric vehicle.

The payment processing unit 230 is activated when the user determines to make the
electrical energy purchase through the energy management unit 220, and processes the
payment for the electrical energy purchase by communication with the billing data
center 150. The method for payment includes, but not limited to, credit card payment,
debit card payment, charged card payment, and mobile banking, for example. In the
present invention, the payment processing unit 230 may further employs a voice
recognition technology to make a payment. It may be desirable that a user makes a
payment for the electrical energy purchase through the voice recognition device for the
sake of security.

The vehicle control unit 240 controls the operation of the power acquisition device
120 in response to the control signal from the billing data center 150. The vehicle
control unit 240 makes the power acquisition device in an activate state when the

electric vehicle 110 enters the power supply track 140 on the road 160.
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If a payment for the additional energy purchase is not made even though there is no
balance for payment, the payment processing unit 230 notifies a refusal or an in-
complete payment of the additional energy purchase to the billing data center 150, and
then the billing data center 150 transmits a control signal, e.g., an inactivate signal to
disable the operation of the power acquisition device 120 to the vehicle control unit
240 in order to prevent the an illegal feeding of the electrical energy without charge.

When receiving the incomplete payment, the billing data center 150 transmits the in-
activate signal as the control signal, and the vehicle control unit 240 then makes the
power acquisition device 120 in an inactive state, so that the electrical energy cannot
be charged the electrical vehicle 110.

Fig. 3 illustrates an exemplary view on a dashboard 300 displayed by the energy
management unit 220 in accordance with the embodiment of the present invention.

The energy management unit 220 monitors a various status of the electric vehicle as
well as the SOC thereof to provide the user with the monitored information, thus
enabling the user to recognize the statuses of the electric vehicle 11. The monitored in-
formation includes information on a BALANCE 310, a POWER 320, a BATTERY
SOC 330, and a MILEAGE 340 as shown in Fig. 3.

As used herein, the POWER 320 indicates the remaining amount of electrical power
and may be made by using an oil gauge which indicates a value between Empty and
Full or a human machine interface (HMI) that can indicate a value between Empty and
Full with 0% to 100%, as shown in Fig. 3.

To provide the user with the monitored information, the payment management
module 200 further includes an acquired power meter 252 for measuring the total
amount of electrical power in real time , and a power consumption meter 254 for
measuring the amount of electrical power consumed at each load in the electric
vehicle. The measured amount of the electrical energy and the measured amount of the
electrical energy used in the loads are provided to the energy management unit 220 for
presenting them to the user. Such acquired power meter 252 and power consumption
meter 254 may be implemented using conventional metering equipment.

In brief, the energy management unit 220 enables the user to recognize the balance,
the remainder of electrical power, and the battery SOC in real time.

Fig. 4 is a flowchart describing a billing method for an electrical energy to electric
vehicles in accordance with the embodiment of the present invention.

First, in step 401, when an electric vehicle 110 needs to be charged, the electric
vehicle 110 enters the power supply track 140 on the road 160 and starts up the power
acquisition device 120 to prepare the acquisition of the electrical energy from the
power supply track 140. When the power acquisition device 120 is started up, an ID of

the electric vehicle 110 is provided to the billing data center 150 from the vehicle in-
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formation management unit 210.

In response to the receipt of the ID the electrical vehicle 110 that enters the power
supply track 140, information on the balance of payment of the electric vehicle 110 is
provided to the vehicle information management unit 210 from the billing data center
150 in step 403. Then, the vehicle information management unit 210 transmits the
balance for payment to the energy management unit 220, in which the balance for
payment is represented to the user through the dashboard 300.

Next, in step 405, the electrical vehicle 110 is charged with the electrical energy
acquired by the started-up power acquisition device 120, and during the charging, the
balance for payment is updated by subtracting the charging amount from the balance
for payment.

In following step 407, it is checked whether there is a balance for payment while
charging, or whether there is a balance for payment while driving. If there is no
balance for payment, the process proceeds to step 409 in which the energy
management unit 220 provides the user with a message of a necessity of additional
energy purchase. Thereafter, in step 411, it is inquired whether the user determines to
make an additional energy purchase. When the user determines to make the additional
energy purchase, the process goes to step 415 in which a payment process for the ad-
ditional energy purchase is performed. In this step, the payment may be made in
various ways such as credit card payment, debit card payment, mobile banking, etc.

Subsequently, in step 417, the vehicle control unit 240 maintains the power ac-
quisition device 120 in an active state so that the electric vehicle can be additionally
charged. That is, when a payment for the additional purchase is successfully
completed, the billing data center 150 updates the balance for payment by adding a
deposited amount of the additional energy purchase to the balance for payment,
transmits the updated balance for payment to the vehicle information management unit
210, and sends the control signal to activate the power acquisition device 120 to the
vehicle control unit 240, so that the power acquisition device 120 can continuously
acquire an additional electrical energy.

however, in step 411, when the user determines not to make the additional energy
purchase, the energy management unit 220 transmits a refusal or an incomplete
payment of the additional energy purchase to the billing data center 150, and in
response, the billing data center 150 provides a control signal to the vehicle control
unit 240 to make the power acquisition device 120 inactive in step 413.

Next, the electric vehicle can renew the charging with electrical energy by entering
the power supply track 140 and repeating the above steps if necessary.

In accordance with the present invention, the billing system and method for electric

vehicles of the wireless charging type allow for electrical energy purchase while
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driving, by providing information about a balance for payment and state of charge of
the electric vehicles and deriving an electrical energy purchase based on the in-
formation.

In addition, the billing system and method in accordance with the present invention
can control the driving of the power acquisition device in an electric vehicle while
monitoring the balance for payment and thus prevent a user who does not pay for
expense from illegally using the electric vehicle.

While the invention has been shown and described with respect to the particular em-
bodiments, it will be understood by those skilled in the art that various changes and
modification may be made without departing from the scope of the present invention

as defined in the following claims.
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Claims

A billing system for an electrical energy supplied to electric vehicles,
comprising:

a wireless power supply system, installed on a road on which the
electric vehicles travel, for generating electrical energy for operating
the electrical vehicles using an electromagnetic induction;

a power acquisition device, installed on each electric vehicle, for
acquiring the electrical energy generated from the power supply system
to charge the electrical energy therein;

a payment management module, installed on the electric vehicle, for
managing the acquisition of the electrical energy and paying for the
amount of the acquisition of the electrical energy; and

a billing data center for integrally managing vehicle information, and
billing information for the respective electric vehicles, and for
generating a control signal in relation to the acquisition of the electrical
energy depending on the billing information.

The billing system of claim 1, the payment management module
includes:

a vehicle information management unit for transmitting an identifier of
a corresponding electric vehicle when entering into the power supply
system and receiving a balance for payment of the electric vehicle from
the billing data center in response to the entrance of the electric vehicle;
an energy management unit for monitoring state of charge of the
electric vehicle and providing to a user the monitored state of charge
together with the balance for payment provided from the vehicle in-
formation management unit;

a payment process unit for performing a payment for the amount of the
acquisition of the electrical energy by communication with the billing
data center with reference to the balance for payment when purchasing
the electrical energy from the power supply system; and

a vehicle control unit for making the power acquisition device in active
or inactive in response the control signal generated by the billing data
center.

The billing system of claim 1, wherein the energy management unit
provides the user with information on the electrical energy acquired
through the power acquisition device from the power supply system.

The billing system of claim 2, wherein the energy management unit
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updates the balance for payment by subtracting the amount of the
electrical energy charged to the electric vehicle from the balance for
payment received from the vehicle information management unit, and
transmits the updated balance for payment to the billing data center.
The billing system of claim 2, further comprising:

an acquired power meter for measuring the amount of the electrical
energy acquired by the power acquisition device;

a power consumption meter for measuring the amount of the electrical
energy used in loads in the electric vehicle,

wherein the measured amount of the electrical energy and the measured
amount of the electrical energy used in the loads are provided to the
energy management unit for present them to the user.

The billing system of claim 1, wherein the billing data center transmits
an in activate signal as the control signal to the vehicle control unit
when a payment for the electrical energy purchase is not settled even
though there is no balance for payment, and wherein the vehicle control
unit sets the power acquisition device to inactive state in response to
the inactivate signal.

The billing system of claim 1, wherein the payment is performed using
any one of a credit card payment, a debit card payment and a mobile
banking.

The billing system of claim 1, wherein the payment is performed
through voice recognition.

A billing method for an electrical energy charged into electrical
vehicles from a wireless power supply system on a road, comprising:
receiving an identifier of an electric vehicle that enters into the power
supply system in a road;

monitoring a balance for payment of the electric vehicle;

if the balance for payment exists, updating the balance for payment by
subtracting the amount of the electrical energy from the balance for
payment while charging the electric vehicle;

if the balance does not exist, inquiring whether to purchase an ad-
ditional energy;

paying for the additional energy purchase when it is determined to
make the additional electrical energy purchase; and

making the electric vehicle in an activate state to enable the charging of
the additional energy after paying for the additional electrical energy

purchase.
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The billing method of claim 9, further comprising:

when a payment for the additional electrical energy purchase is not
settled, making the electric vehicle inactive state.

The billing method of claim 9 or 10, wherein the electric vehicle is
charged in real time while it is driving on the power supply system on
the road.
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[Fig. 1]
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[Fig. 2a]
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[Fig. 2b]
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[Fig. 4]
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